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APPENDIX No. 33.

ON THE HEIGHTS OF THE TIDES OF THE ATLANTIC COAST OF THE UNITED STATES, FROM OBSERVATIONS
IN THE COAST SURVEY, BY A. D. BACHE, SUPERINTENDENT.

[Communicated, by authority of the Treasury Department, to the American Association for the Advancement of Science ]

It is well known that where a bay or indentation of the coast presents its opening favorably
to the tide wave, and decreases in width from the entrance towards its head, that the tides rise
higher and higher from the mouth upwards. The Rev. Mr. Whewell has stated that, in a
general way, the same fact is deduced from the observations on the coast of Great Britain and
Ireland, discussed by him.

The Coast Survey observations of the tides of the Atlantic coast, the results of which, from
time to time, I have brought before the Association, furnish the means of a complete discussion
of heights as well as of times, and very simple generalizations result from their examination.
Through the kindness of Captain Shortland, R. N., and of Admiral Bayfield, R. N., T have
been enabled to extend these results to the coasts of New Brunswick, Nova Scotia, and to part
of Newfoundland.

I beg leave to make my best acknowledgements to these distinguished hydrographers for the
prompt and liberal communication of the results of their observations.

The Coast Survey observations have been worked up in the Tidal Division under the direction
of Assistant L. F. Pourtales, and I am indebted to him for giving the results the shape desired,
and for the diagrams representing them.

The following table of stations on or near the exterior coast line of the United States is taken
from the more extended tables of the Coast Survey, omitting stations which are up rivers or
bays, except in special cases, the object of inserting which will be obvious.

Table A contains a number for reference, the locality of the tidal station, the State to which
it belongs, the latitude, longitude, the mean height of the tide in feet and tenths, and a column

of remarks.

W




REPORT OF THE SUPERINTENDENT OF

Heights of tides on the Atlantic coast of the United States.

TABLE A.
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Locality. State. Latitude. Longitude. | Heights in Remarks.
feet.
o - & %

B T O R S S Malne . ssusss 43 39 70 14 8.8
PottSmIOnEHL ... oo et amnmb esns N. Hampshire.i 43 04 70 42 8.6
Newburyport - cccccacecanaaaa- Massachusetts .| 42 48 70 52 7.8
Gloucester .o cceccasaa RALLUE D3 B, o SR 42 37 70 40 8.9
T R P e RESET, [T E 42 31 70 54 9.2
D g g o Sl s ey et Ty e 42 22 71 03 10.0
POt o o i e nnssase i 2 0 5 e 41 57 70 40 10. 2
Proviloelowil - - o« = ws sessanas=s R TR ohs maws 42 03 0 1T 9.2 | Major Graham, U. 8. A.
Ehasrpe’e Bhaates (L0000 L0l ST RS S0t 41 40 67 45 7.0 | Captain Wilkes, U. S. N.
Monbmoy veisre b i, < srsbaniss Massachusetts . 41 33 69 59 3.8
Biastonset . .t it iy ne s T I R 41 15 70 00 2.2
WOWeolaY - i mean e s Q0mwvs seos 41 15 70 05 1.2
Bmith's Polat .oocin o onmccanuas LI 1 ) e SR, 41 17 70 16 3 |
e, S allvate, ol an -l [ L o PR 41 21 70 30 .7
MORbMIBhA L s 5uiews snsnvmmmss BT [ e 41 20 70 45 2.7
e A gD o R SR e, Rhode Island .| 41 22 71 29 3.1
T T e R S SR g e 41 29 71 20 3.9
Block Telamd . oo onsiuohassas BT | e 41 10 71 34 2.8
Monfank PolBE cas <o dmmin=iesst New York.-.. 41 04 71 61 19

B e S Connecticut. . - 41 20 71 54 2.7
New Haven....ou.ee P B e 2R ERC [ S S 41 18 72 54 5.8
o T e SR PEe RS e New York._.. 40 38 73 13 2.1
Sande’ POIRb. . cosacosnadutmnns 2 w0 < skl 40 52 73 43 N/
B HOOI bt i i b s o e e S e l 40 28 74 00 4.8
Cold Spring Inlet. cae ceeecunaa- New Jersey... 38 57 T4 45 4.4
5 T et ok M S I ZATR T R 38 56 74 57 4.8
Old Point Comfort -.._.c...... Virginia - --.. 37 00 76 18 2.5
Hatterag Inlet. oo b L oisoue. N. Carolina. .. 35 12 75 43 2,0
Bt o L oa s e L . el s e 34 42 76 40 2.8
Cape FeRT oo ol T eeees Sl SR 33 52 78 00 4.4
Winyah: DAY <onsscrnamotiosh 20l 8. Caroling ... 33 14 79 08 3.8
CharlesloBill oo bie spnsints ok SRR P 32 46 79 54 5.1
North Edisto river. cccacecacuaa R S S 32 33 80 13 5.8
Port Royal S e o et Se ey s (el e T 32 17 80 40 6.4
Savannah entrance —........... Georgia cunuae 32 02 80 53 7.0
BEPOIO. oo oo mwmmis soms e S [V EEORER 31 21 81 24 7.0
St. Simon’8. ccccnccnccnccncans Lat O dag St 31 08 81 36 6.8
St. Mary’s river «occecccceemaen R, [ R 30 42 81 36 5.9
Bt JohnRTIVEL cscicannvnnonen Florida «..... 30 20 81 33 4.6
Bt BODGMINE v sne s wn i AON ST 29 52 81 25 4.2
Indian River Inlet . - ccoceena-. SR | O 27 28 80 19 2.5
Cape Ploran: oo an caansninass CeesfOLo oS TTs 25 40 80 09 1.6




THE UNITED STATES COAST SURVEY—1857. b

The following table of tides of localities on the coast of Cape Breton, Nova Scotia, and New
Brunswick, is from the observations of Admiral Bayfield and Captain Shortland. The author-
ities are given in the column of remarks, which also contains the remarks of Admiral Bayfield
on the tidal results communicated by him. I have taken from his table the heights which
were derived from the greatest number of observations. The column of means is the average
of the heights of spring and neap tides in feet and tenths. The localities are arranged from
the north, southward on the outer coast, and in the Bay of Fundy from the entrance up the bay.

From the table of Captain Shortland I have selected only a few localities as specimens,
having no wish to anticipate, through his generosity, the use which he will doubtless make of

his own results.

TABLE B.

Heights of tides on the Coast of Cape Breton, Nova Seotia, and New Brunswick.

Rise of tide.
No. Localities. Remarks on localities. | Latitude. |Longitude. i I Remarks.
Ordinary| Ordinﬂry’Mean.
spring. ’ neap.
Lsl’d of Cape Brelon.* B s ool ool | a0
1 | 8t. Ann’s Harbor,..| Entrance ..ceveeveesevees| 46 17 60 33 5, 0| 3| 3| 41| A complete semi-lunation observed.
2 | Sydney Harbor cee.| SE. DAFucsesssecses saness| 468 12 60 13 3| 91 2.4 8.1 , At full moon, and a day or two before and after.
3 | Menadou Harbor. .| Near Scataria Island..... 46 00 59 50 5| 6| 3| 4| 4.4 ‘ Good. A complete seni-lunation observed.
4 [ BG Peters IHIaNT .ol vesve i ine ibtiaiios yance] 4538 60 49 6| 0| 4| 0| 5.0 /| At new moon, and a day or two before and after.
5 | St. Peter’s Bay.....| Haulover, at head of bay.| 45 39 60 52 5| 9] 4| 1| 4.9 Good observations, four times observed, twice at
the full, and twice at the new moon, with sev-
| eral days before and after each.
6 | Grandigue. ........| In Lennox Passage...... 45 36 | 61 01 6| 4| 4| 6 .4 | Good. A complete semi-lunation observed.
7 | Arichat Harbor ....| Jerseyman Island, North | 45 30 61 03 5/ 0| 4| 0| 4.5| Good. A complete semi-lunation observed. Ex-
Point. traordinary tides rise six feet.
Nove Scotia.*
8 | Canso Harbor .....| E. end of Cutler Island...| 45 21 60 59 6| 6| 4| 6| 5.5 | A complete semi-lunation observed, but tides very
irregular.
9 | White Haven......| Marshall Cove...cevi0aee| 45 15 61 11 6| 1 4| 1| 5.1| A complete semi-lunation observed. Good ob-
servations.

10 | Harbor Island ...... | NE POint.ecessveseeesees| 45 08 61 36 6| 6| 4| 6| 5.5| A complete semi-lunation observed, extraordinary

| tides rise seven feet.

11 | Liscomb Harbor ...| Pye’s Wharf, ceeseceeeaes| 45 00 ‘ 62 01 6| 0| 4| 0| 5.0 | Three times observed ; at full and new moon, and

| several days before and after.

12 | Sheet Harbor ......| Watering Cove,..., veeuss| 44 54 62 30 6| 8| 4| 6| 5.6 Good. Two complete semi-lunations observed.

13 | Pope Harbor. ......| Harbor Island, NE. Point..| 44 48 62 39 6| 6| 4| 2| 5.3 Three times observed ; at full and new moon.

14 | 8hip Harbor....s...| Salmon Point....eeeveans| 44 47 62 49 6| 5| 4|10| 5.6 | Good. A complete semi-lunation, extraordinary
spring-tides rise seven feet, and extraordinary
neaps, only four feet.

15 | Jeddore Harbor ....| Marsh Point. . 44 43 63 00 6| 6| 4| 8| 5.6 Two good and complete semi-lunations observed.

18 | Halifax Harbor.....| Naval Yard..e.seeeeeuns| 44 40 | 63 35 | 6| 0| 4| 6| 5.2 | Mean of a complete year’s observations with a
tide-gauge,

Bay of Fundy.t
17 | Cape Sable........| Cape Sable Isl’ds, Clark’s | 43 25 65 39 11| 6| 4|11 | 8.2
Harbor.

18 | Ellenwood’s Island.| Bird RocKk...covuuues eess| 43 39 68 04 |18 Z| W} 0| 9%

19 | Yarmouth Harbor..| Fourchue Island Light- | 43 47 66 10 (16| 0| 8| 7]12.6

house.

20 | Bryer’s Island .....| Peter’s Island Light-house., 44 15 66 21 |20 | 6| 9| 3| 14.8

21 | Campobello Island.| Owen’s House. ...co.....| 44 54 66 58 (25| 0|11 | 0] 18.0

22 | St John’s, N. B....| Battery Point Rock . 45 16 66 04 (| 6|12 0] 19.3

23 | Shadwood Point...| Cumberland Basin.,.....| 45 54 64 22 (50| 0 (22| 0 36.0

* Admiral Bayfield, R. N.

Capt. Shortland, R. N.




6 REPORT OF THE SUPERINTENDENT OF

These numbers may be extended beyond the turn of Cape Race, where the coast trends to
the west of north, by further results of Admiral Bayfield, though the remarks which he makes
show them to be only approximate. Thus two stations on the coast of Labrador, St. Lewis
bay, in latitude 52° 19" and longitude 55° 37/, and Henley island in latitude 52° 00’ and longi-
tude 55° 53/, give each for the mean of the height of spring and neap tides 2.3 feet. St.
John’s, Newfoundland, gives 5.0 feet. Trepassey harbor, south of it, 5.8 feet.

Beginning with the southern end of Table A, and following the results northward and east-
ward, we find, from Cape Florida to Savannah and Port Royal, a gradual increase of the tides,
and then a gradual decrease to Cape Hatteras, with a single contradiction, easily explained.
Next following the stations on the coast, and omitting those in the bays and sounds, we have
a less regular increase to Sandy Hook, and a decrease to Weweeder, on Nantucket island.
Next is a less regular regimen, requiring a more detailed examination.

By developing the curved line of the coast into a straight line and marking upon it the tide
stations, which will thus be at nearly their proper distances from each other, and by erecting
ordinates at each of the station points, and setting off on a suitable vertical scale the heights
of the tides at those points, and connecting the extremities of the several ordinates, we have
the broken line shown in Diagram A. In drawing this line the stations of the coast only are
joined, and the irregularities are cut off by the curve.

This curve shows distinctly the physical division of the coast between Cape Florida and
Cape Sable into three great bays. The great Southern from Cape Florida to Cape Hatteras.
The great Middle from Cape Hatteras to Siasconsett; the great Eastern from Siasconsett to
Cape Sable. Perhaps this latter may be considered as only a portion of a great bay from Sias-
consett to Cape Race, but this generalization is at present hardly safe, and I confine myself,
therefore, to the more limited view. The tide wave setting into the southern bay rises as the
bay contracts, and the heights of the tides along the shores increase as the places are more
distant from the chord spanning the entrance.

If we suppose the lines of equal height to be straight lines, and draw them upon the
diagram transferring them to a map of the coast. we shall find that they are more crowded on
the more curved side, and more open on the less curved. The curve indicates Cape Hatteras
and not the inlet, which was the tidal station, as the point of least height. The physical cause
of this phenomenon is well understood if it has not yet been reduced to measure.

The next curve shows us plainly the Middle bay, having Hatteras for its southwestern cape,
and Smith’s Point or Weweeder for its northeastern entrance. The form of the shore is less
favorable to regularity, but the result is nevertheless well marked. The interference of tidal
waves which takes place off Nantucket tends also in a degree to confuse the results.

The chart shows how simple the system of co-tidal lines is in the three bays, running nearly
parallel to the shores.

The eastern bay lies between the eastern part of Nantucket (Siasconsett) and Cape Sable,
Massachusetts bay being subsidiary to this. The tide wave entering the eastern bay follows
the deep water, and thus the co-tidal lines take generally the direction of the shores, until the
tide wave enters the Bay of Fundy. The most probable form of the co-tidal lines, from XTI to
XV hours, inclusive, is shown upon the chart, which is merely an extension of the chart of
co-tidal lines of the United States coast formerly presented to the Association. The heights
increase rapidly from Nantucket to Cape Cod, being 2 feet at Siasconsett, and 9.2 feet at Pro-
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THE UNITED STATES COAST SURVEY—1857.

vincetown. At Cape Ann they are nearly of this same height, and increase in passing up and
into the bay to 10.0 feet at Boston, and 10.1 feet at Plymouth.

The height at Newburyport is probably local, depending upon the position of the tide-gauge.
There is but little change from Portsmouth to Portland, and from Cape Sable to Ellenwood’s
island.

Shall we look to the greater bay between the Nantucket and Newfoundland shoals for the
cause of the 8-feet rise at Cape Sable, and of the heights from Admiral Bayfield’s table ? We
find the heights along the coast of Nova Scotia to vary from 7 to 6 feet; not with regularity,
however. At Cape Breton island they vary from 6.4 to 4.6 feet, decreasing thus in going
northward and eastward. Are these heights due to the crowding of the waters into this greater
bay ? If so, why are not the heights of Cape Breton greater than those of Nova Scotia ? We
require results on the south shores of Newfoundland, and on the Great Bank, to give us clear
ideas on these points, and I hesitate to extend the generalizations to this tempting field.

The shoals from Nantucket and broken ground near George’s Bank, and the comparatively
shoal water in their vicinity, on the one side, and the Great Bank of Newfoundland on the
other, look as if full of meaning of this sort. Further results may, however, show that this is
not the interpretation of the phenomena. The tides of Labrador are but 2.3 feet, bringing us
back to the standard of Hatteras and of Montauk Point, and what probably would be that of
Nantucket but for interference. Soon after passing Mount Desert on the west side, and Ellen-
wood’s island on the east side, the tide wave has turned into the Bay of Fundy, and the rise
increases with extraordinary rapidity.

The complicated character of the co-tidal lines in this immediate vicinity is indicated by the
chart, the lines from XII to XV hours being crowded into the very small space of a few miles,
on the south side of Nantucket.

To return to the more limited scale,within which our inductions are safe: Delaware bay, New
York bay, Long Island sound, Narragansett and Buzzard’s bays, Nantucket and the Vineyard
sounds, present, on a smaller scale, the same phenomena of increase in the height of the tide
in ascending. On the contrary, in Chesapeake bay, which widens and changes direction at a
right angle immediately from the entrance, the tides diminish in height, as a general rule, in
going up the bay.

The results of the heights of tides along the coast are very satisfactorily shown upon a model
which is now before the Association, for superintending the execution of which I am indebted
to Mr. Pourtales. The basis is a map of the Atlantic coast, from Cape Florida to Cape Race,
upon which the co-tidal lines of the United States are traced. The tidal stations are marked
upon this, and rods, cut to length, and proportionate to the rise and fall of the tides at the
several stations, are inserted in holes drilled at the station points. The steel rods refer to the
heights at exterior stations, and the brass rods to interior ones. Paper cut to the form of the
general curve of heights which has already been explained, and placed behind these rods,
serves to show the generalizations with great distinctness.

I propose to call the bay between Cape Florida and Cape Hatteras the southern bay; that
between Cape Hatteras and Nantucket the middle bay; and that between Nantucket and Cape
Sable the eastern bay, of the coast of the United States. The general figure of the coast line
has, of course, heretofore attracted the attention of geographers. The connection with the
heights of the tides could only satisfactorily be made out by such a series of tidal observations

as those embraced in the Coast Survey.
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APPENDIX NO. 16.

TIDE TABLES FOR THE USE OF NAVIGATORS, PREPARED FROM THE COAST SURVEY OBSERVATIONS
BY A. D BACHE, SUPERINTENDENT.

[Furnished by authority of the Treasury Department to E. and G. W. Blunt, New York, and revised October, 1860.]

Tue following tables will enable navigators to ascertain the time and height of high and low
water in some of the principal ports of the United States. The results are approximate, the
observations being still in progress, but they may safely be used for practical purposes. The
number of places of observation, and the time during which many of them have been made,
are steadily on the increase as the Coast Survey advances.

The tides on the coast of the United States, on the Atlantic, Gulf of Mexico, and Pacific,
are of three different classes. Those of the Atlantic are of the most ordinary type, ebbing
and flowing twice in twenty-four hours, and having but moderate differences in height between
the two successive high waters or low waters, one occurring before noon, the other after noon.

Those of the Pacific coast also ebb and flow twice during twenty-four hours, but the morning
and afternoon tides differ very considerably in height, so much so that at certain periods a rock
which has three feet and a half water upon it at low tide may be awash on the next succeeding
low water. The intervals, too, between successive high and successive low waters may be very
unequal.

The tides of ports in the Gulf of Mexico, west of Cape St. George, ebb and flow, as a rule,
but once in twenty-four hours, or are single day tides. At particular parts of the month there
are two small tides in the twenty-four hours. The rise and fall in all these ports is small.
East of Cape St. George the rise and fall increases ; there are two tides, as a rule, during the
twenty-four hours, and the daily inequality referred to in the Pacific tides is large.

These peculiarities require a different way of treating the cases, andin some of them separate
tables.

I propose to enable the navigator to find, from the Nautical Almanac and the following
tables, the time and height of high and low water at any date within the ordinary range of
difference produced by winds and other variable circumstances. I will endeavor to divest the
matter of unfamiliar technical expressions as far as practicable, though for shortness’ sake,
some such terms may be employed after defining them. The discussion of the Gulf tides has
not been carried so far as to enable me to present the results in as definite a form as the others.

As is well known, the interval between the time of the moon’s crossing the meridian (moon’s
transit) and the time of high water at a given place is nearly constant; that is, this interval
varies between moderate limits, which can be assigned. The interval at full and change of the
moon is known as the establishment of the port, and is ordinarily marked on the charts. As
it is not generally the average of the interval during a month’s tides, it is a less convenient and

less accurate quantity for the use of the navigation than the average interval which is used on
9
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10 REPORT OF THE SUPERINTENDENT OF

the Coast Survey Charts, and is sometimes called the ‘‘mean " or ¢t corrected establishment.””*
The following table gives the principal tidal quantities for the different ports named in the
first column, where they are arranged under specific heads. The third column of the table
gives the mean interval, in hours and minutes, between the moon’s transit and the time of
high water next after the transit ; the fourth, the difference between the greatest and the least
interval occurring in different parts of the month, (lunar.) A simple inspection of this column
will show how important it is to determine these changes in many of the ports where they
amount to more than half an hour, or to more than fifteen minutes from the average interval.

. The fifth, sixth, and seventh columns refer to the height of the tide. The fifth gives, in feet,

the average rise and fall, or average difference between high and low water. The sixth gives
the greatest difference commonly known as the rise and fall of spring tides; and the seventh the
Jeast difference known as the rise and fall of the neap tides.

The average duration of the flood or rising tide is given in the eighth column; of the ebb
or falling tide in the ninth; and of the period during which the tide neither rises nor falls, or
the ‘‘stand,” in the tenth. The duration of the flood is measured from the middle of the
stand at low water to the middle of the stand at high water, so that the whole duration from
one high water to the next, or from one low water to the next, should be given by the sum of
the numbers in the eighth and ninth columns. At most of these places given in the list a
mark of reference has been established for the height of the tide. I have omitted the descrip-
tion of these marks, (except in the following localities,) as of no particular interest in this con-

nection.

BENCH-MARKS.

Boston.—The top of the wall or quay at the entrance of the dry dock in the Charlestown
navy yard is fourteen feet 4%’y (or 14.69 feet) above mean low water.t

New York.—The lower edge of a straight line cut in a stone wall, at the head of a wooden
wharf on Governor's island, is thirteen feet 1% (or 13.97 feet) zbove mean low water. The
letters U. S. C. S. are cut in the same stone.

0ld Point Comfort, Va.—A line cut in the wall of the light-house, one foot from the ground,
on the southwest side, is eleven feet (11 feet) above mean low water.

Charleston, 8. C.—The outer and lower edge of embrasure of gun No. 3, at Castle Pinckney,
is ten feet v (10.13 feet) above mean low water.

 This term was introduced by the Reyv. Dr. Whewell, who has done so much for the investigation of the laws of the tides.

+In consequence of alterations made to the wall during the year 1860, the coping is seven hundredths of a foot lower than

formerly.




THE UNITED STATES COAST SURVEY—1860. 11

TABLE I.

Tide table for the coast of the Uniled Slates.

INTERVAL BETWEEN
TIME OF MOON’S
e Tannn RISE AND FALL. MEAN DURATION OF—
OF HIGH WATER.
. PORT. STATE. — e = W e e i ey
£ g3F [ 3 &
: | §3E| s g E §
2 253 ¢ " S o g g
e 0 =] = 7 z () (5] 7
1 2 3 4 5 = 8 9 10
COAST FROM PORTLAND TO NEW YORK. i G X Feot. Feet. s 23 skl s
Hanniwell’s Point, Kennebec river........ MAIRB. i o vasonnen 11 15 114 8.1 9.3 7.0 6 16 6 11 022
Portland’. . sussssvsreessssione S o e ol0 o ke v o b kD 11 25 0 44 8.9 9.9 7.6 | 6 14 6 12 20
Portsmouth.. «..| New Hampshire.... 11 23 53 8.6 9.9 7.2 6 22 6 7 21
Newburyport.esuses veseveness vess anvveve] MBSEACHUBELES 2onss 11 22 50 7.8 9.1 6.6 516 79 24
HOCHOOIE cossve snsnn, sisvnevessas 1oss vase]ovee 10 57 42 8.6 10.2 I | 6 17 6 9 30
Salem...... 1113 50 9.2 10.6 7.6 619 6 6 6
Boston Light. A 1112 35 9.3 10.9 8.1 6 20 6 6 15
i T e S PR e 11 27 43 10.0 11.3 8.5 613 613 9
PLYMOBTN ok oo v sne violuneivesne s manioe s s/omih sensl0.cvennananisene 11 19 51 10.2 11.4 9.0 613 6 17 29
Wellfleet ..... 11" & 113 11.2 13.2 9.2 6 6 6 17 15
ProvInCEOWN oions «BR A vd o her bnie 500 11 22 40 9.2 10.8 77 6 16 6 10 21
Monomoy....eess Sos sty i SR Buh i aan's 11 58 37 3.8 5.3 2.6 625 5 59 36
Nantucket . 12 24 37 3.1 3.6 2.6 6 23 544 9
Hyannis..... Fetaane ' ) B 12 22 30 | 3.2 3.9 1.8 6 44 541 9
Edgartown......... ISR ROREIION, P |t SR 12 16 34 2.0 2.5 1.6 6 51 5.29 24
HoAmues’s Hole ovss sisiien bacest ot casys sces D ey Ao u N balny 11 43 31 1.7 1.8 1.3 6 41 521 12
Tarpaulin Cove....... 8 4 49 2.3 2.8 1.8 6 9 6 17 34
1 Wood’s Hole, north side...... 759 53 4.0 .7 3.1 6 51 531 38
Wood’s Hole, south side . ....ovvuenes R [N 8 34 45 16 2.0 1.2 517 710 59
Menemsha BIght. ... esevnsssevsnsassvosss 745 it 2.7 3.9 1.8 6 14 6 14 4
Quick’s Hole, north side .. 731 115 3.7 4.3 2.9 6 31 5 54 39
Quick’s Hole, south side...es ceeevsnenens|sses@0iaisciaaianses 7 36 110 3.1 3.8 2.3 | 6 29 5 55 40
Cuttyhunk...... cAnvadush e thtns SSE PPN AP 740 49 35 | ‘4.2 29 | 631 5 54 39
Kettle Cove . slae 005 senss sasnmine 7 48 10 s 1“ "5 b [ i 6 4 29
Bivd! [Iand Hght v icn s castimes o oo |svesl@Oianss Wb aa vane 759 45 4.4 5.3 3.5 6 51 558 lees sene
New Bedford entrance, (Dumpling Rock).| «++d0siiericisinnes 757 41 3.8 4.6 2.8 6 50 533 42
Newport.... 745 24 3.9 4.6 3.1 6 21 6 3 23
Polnt Jadith v.. covsssone 73 46 3.1 3.7 2.6 6 12 6 10 10
Block Island..... L T D g o gk reTtiidabane, omatie! 7 36 41 2.8 3.5 2.0 6 23 6 2 _5
Montauk Point, L. L. cociesenecnnnnens...| New York. .. 8 20 111 1.9 2.4 1% 617 6 7 31
Bandy HooK.ysss sssvsesssanasve 729 47 4.8 5.6 4.0 6 10 6 15 21
T e o R 813 43 4.3 5.4 3.4 6 0 6 25 28
HUDSON RIVER.
DOBI N PAINY 4048 canbavsipenenss cose 919 44 3.6 4.4 2.7 6 5 6 18 17
WATTLIONI G S35 30 43 w285 wesoWhn suhim s o n b . . 9 57 58 3.5 4.0 2.7 6 6 6 20 43
Verplanck’s Point svirelanentiOaeanmunenanans 10 8 34 3.1 3.8 .5 525 712 16
West Point.sesceseesse R, ST 1 2 37 2.7 3.2 2.0 528 710 20
Poughkeepsie...... . Rwne ey 12 34 54 32 3.9 2.4 541 6 44 22
WAVOH s cpnie wn- oo s snniin s ol ok oalpiai's 124 51 4.0 4.6 3.2 5 40 6 54 25
Stuyvesant ...... etvessensuses . : 323 48 3.8 4.4 3.0 [ 518 72 31
REIIERN L vie so et s shigie o4l vasiin gt 53 429 55 2.7 3.0 2.3 51 723 20
Greenbush 52 n 2.3 2.5 1.9 | 49 1 L e
LONG ISLAND SOUND. |
Watch Hill ..... ssssesarees +es.| Rhode Island ...... 9 0 23 2.7 3.1 2.4 6 35 5 56 14
Stonington ,.... Sasesin weeessivsensisives| CONNOOHIONE:  vavsies 97 30 2.7 3.2 2.2 6 15 6 10 25
Little Gull island vuvesasasseeens PR, % New York..... » 9 38 17 2.5 2.9 2.3 6 1 6 21 37
New London ..., Connecticut., vevess 928 52 2.6 3.1 2.1 5 56 6 26 22
New Haven ....vuseess asl0usqeosecensosn 11 16 1 8 5.9 6.2 5.2 | 621 | 6 5 33
T ok e e NP O T el et L fes 6.5 8.0 ) e g e B 30

* From Major J. D. Graham’s observations.
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TABLE I—Continued.

INTERVAL BETWEEN
TIME OF MOON’S
TRANSIT AND TIME
OF HIGH WATER.

RISE AND FALL.

MEAN DURATION OF—

PORT. STATE. ——— = =

- g . 3 &0

= a. = 7

1. 2 3. 4 5. 6.
LONG ISLAND sounp—Continued. %. s Feet. Feet,
Oyster Bay, Li. T covvas vrversnnsenvenees New¥ork......... 1 7 0 51 7.3 9.2
Sand’s Pointy Ly Ticeeaeeriinnnsansiances PR [ D T 11 13 31 7.7 8.9
New Rochelle s uveeeesnesssvossesnesssans|aaeslOuanes RgieA Su 11 22 R 7.6 8.6
Throg’s NecK.useessosssnrrnanes sinavs sane|vessdPeess nawsaavone 11 20 39 7.3 9.2

COAST OF NEW JERSEY.
Cold Spring inlet weseesseseessseosacsines| New Jerseyooeeeess 73 51 4.4 5.4
Cape May 1anding «oescecenncennsssesceslondo.... Fonssies 819 47 4.8 60
DELAWARE BAY AND RIVER.
Delaware breakwater coveeese Delaware. soesesess 8 0 50 3.5 4.5
Higbee’s, Cape May...ovivenanannee New Jersey... 8 33 43 4.9 6.2
Egg Island light..cocviesearnnvninnnennes d0ueeeanernnvnes 9 4 51 6.0 7.0
Mahon’s river., Delaware.oes veesss 9 52 48 5.9 6.9
Newcastle... 11 53 24 6.5 6.9
Philadelphid.ccesveesresessernses 13 44 44 6.0 6.8
CHESAPEAKE BAY AND RIVERS.
0ld Point Comfort Virginia ...t 817 60 2.5 3.0
Point Lookout... Maryland..ee eavses 12 58 45 1.4 1.9
Annapolis coeeessecnnes col0sdvan v 17 4 40 0.9 1.0
Bodkin light «evveevearesasrasnsanssanaes B e e I 18 8 48 1.0 1.3
BAtiMOLe +eeesveessssasssesessossnssssesienil0ieasarecaneens 18 59 44 1.3 1.5
Washington..... .| Dist. of Columbia., 20 10 52 3.0 3.4
James river, (City Point) cecesoeerasvrsnes| Virginiadaooosoosens 14 37 28 3.0
Richmond .e.eeveesnesrssassssssssssvesss|ieeilOucecnnss 16 54 1.4 2.9 3.4
Tappahannock. . 50 s e wielaon 3o S 12 58 46 1.6 1.9
COAST OF NORTH AND SOUTH CAROLINA,
GEORGIA, AND FLORIDA.

Hatteras inletu.eeeevasensssrsssssssenssss| North Carolina .... 7 4 57 2.0 2.2
Beaufort.... s{eeaelOmianimers ovi @ 726 50 2.8 3.3
Bald Head..oouecen velDsinsiorvaesesen 726 34 4.3 5.0
Smithville sooevaens ve 40 . 719 38 4.5 5.5
Wilmington seees.see ees d0ceesveass . 9 6 10 2.7 3.1
Georgetown entrance....essesssssrsssnes South Carolina .... 7 56 42 3.8 4.7
Bull’s Island bay. .. sosrnes sasnmsnancfordslFosrvrovenvronss 716 57 4.8 5.7
Charleston, (custom-house wharf).eeeecen]eeiadOieeccrasennans 7 26 48 5.1 6.0
St. Helena sound ceoeseses 78 ) 5.9 754
Fort Pulaski, (Savannah entrance)...sseee 7 20 40 7.0 8.0
Savannah, (dry dock wharf) ceeeeessenanalonn. 813 51 6.5 7.6
Doboy Light-Iouse, cavesrenssrsrsrarnnans ceesl@0eraranvinnnans 733 55 6.6 7.8
St. SIMONS couvivsvresessrsssssrssransanes casall0crsnan s 7 43 46 6.8 8.2
Fort Clincheeesvesssssssersnssas Florida ... .t 753 16 59 6.7
St. JORNS TIVEL sevsvevssssersrssssssrssesfoeeel@Ouiriecrnencnes 728 48 4.5 5.5
St. Augustin€...... cesssse sesoevsns sasens|eese@Oesos ssoves 821 43 4.2 4.9
Cape Florida .. PPRRT TR PSP [\ PPN 8 34 51 1.5 1.8
Indian Key .oesesscsssnsssnsssssssncnncnsliasalOuiuancecassenes 823 49 1.8 2.2
Sand key..... PRLD. & G~ ey Bl 5 TR o B - RIS 8B40 |iveesennns 1.2 2.0
Key West . voveersesssssesssssssnnssssess Florida.ooeeseinns 9 30 115 1.3 1.5
TOTtUZAS sevenes-vaossssnssssessasssnssalosseldOiasirssscnanes 9 56 132 b ] 1.5
Tampa Bay, (Egmont key).. PR Y LW 11 21 133 1.4 1.8
Cedar Keys, (Depot Key) . evessesvasssnsss/eees@0uiisnncnnnons 1315 1 55 2.6 3.2
St. Mark’s...e ... A avsee s e naisens sedbErbslc ol et BBaNG SRR 13 38 20 22 2.9

£ g s

2 = 2 5

E T = | £

z = = 17

7. 8. 9. 10.

Feet. h. m. h. m. h. m.
5.4 6 8 6 24 025
6.4 5 55 6 30 14
6.6 5 51 6 35 12
6.1 5 50 6 33 43
3.6 6 8 618 19
43 611 6 15 20
3.0 6 15 6 6 26
3.9 6 26 6 0 19
5.1 552 6 27 36
5.0 6 11 6 11 26
6.6 5.6 6 43 47
5.1 4 52 76 15
2.0 Ll L 6 25 14
07 5 59 619 35
0.8 611 615 RN
0.8 523 78 15
0.9 5 54 6 33 44
2.6 537 649 |eeienaen
2.5 514 6 58 32
2.3 4 53 731 35
1.3 521 T 6 |eeeveens
1.8 87 6 7 50
2.2 6 11 6 10 42
3.4 618 617 31
3.8 L 6 26 26
2.2 4 45 7 40 30
2.7 6 4 619 35
3.7 6 20 6 6 30
4.1 6 19 87 33
4.4 6 13 6 12 23
5.9 549 6 35 26
5.5 5 4 722 14
5.4 6 2 620 |eeeseons
5.4 6 10 6 16 20
5.3 6 9 617 Jesesveee
3.7 5 58 6 28 16
3.6 6 5 6 11 32
1.2 6 0 6 26 45
1.3 6 25 559 19
0.6 6 31 5 55 13
0.9 6 55 529 12
0.6 6 43 540 |viaveses
1.0 6 36 611 43
1.6 612 6 13 |ieescene
1.4 6 12 611 |eeernees
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TABLE I—Continued.

INTERVAL BETWEEN
TIME OF MOON’S
E A s i RISE AND FALL. MEAN DURATION OF—
OF HIGH WATER.
PORT. STATE. —~ e -
g SEE @ @ v
g Ezz 2 2 z g
§E |E%2| & - £ 2 | &
1 o 2 3 4 5 6. [ 7 ‘ 8 ‘ 9 ’ 10
WESTERN COAST. . e R. k. Feet. Feet. Feet h m. h.m h. m.
Ban DIgo. .t dhnrueisnenives csaisenehaa] ORITOERIA san on 9 38 135 8.9 5.0 23 6 22 6 0 0 30
San Pedro....coeenes B o SN R ek 939 148 3.7 4.7 2.2 6 18 6 5 30
Cuyler’s harbor c..veuveas . sasabases PO R i DR 925 12 3.7 5.1 2.8 613 6 5
Ban Tais OMBPociv: svsvinins s iomsinvnen veselBensnrenans vacs 10 8 152 3.6 4.8 2.4 6 25 558
MODLEreY ssusvansaens SBish Wibe G b a s PSR | DORRS 10 22 49 3.4 4.3 2.5 6 31 6 2
South Farallone ;ueesess esee ssssnnas S CIL L S 10 37 116 3.6 44 2.8 618 6 9 leieiee
San Francisco, (north beach) ....... i L R S e e o 12 6 174 3.6 4.3 2.8 6 39 551 34
Mare Island, (San Francisco bay) voveeeee|ene.@0uieininncnenss 13 40 115 4.8 5.2 4.1 613 6 7 senn
Benicia.. ... ...... PR et 0 e el a0 o e it 14 10 10 4.5 5.1 3.7 626 589 |uessens
RAVENSWOOd. vxevsrsranssuves s e R 12 36 57 6.3 7.3 T s T G e
Ll S oL e e B e s s 11 17 154 3.6 4.7 2.7 619 559 [ioeeuen
Humboldt bay ..... tesesestitaatannoanans R L e e 12 2 111 4.4 5.5 3.5 619 6 0 eee
Port Orford veeu s ++vse| Oregon Territory. 11 26 L 5.1 6.8 3.7 619 6 7 39
Astoria .... 2 el ss e seas veirsns 12 42 113 6.1 7.4 4.6 6 3 6 28 33
Nee-ah harbor .. Washington Ter’y 12 33 128 5.6 7.4 4.8 6 20 6 6 |iiiaeens
Port Townshend*.. # 0. soenon il 349 L3 4.6 5.5 4.0 6 34 552 |evaneens
Steilacoom* .. ... dolitaL, . gt 446 16 9.2 11.1 7.2 6 3 6 25 28
Semi-ah-moo bay* . 04 srassabvien 4 50 1 2 6.7 6.6 4.8 ‘ 6 11 6 19 26

* See remarks on page 22 and following.

Note.—The mean interval in column 3 has been increased by 124. 26m., (half a mean lunar
day,) for some of the ports in Delaware river and Chesapeake bay, so as to show the succession
of times from the mouth. Therefore 12%. 26m. ought to be subtracted from the establishments
which are greater than that quantity before using them.

The foregoing Table I gives the means of determining, roughly, the time and height of high
water at the several ports named. The hour of transit of the moon preceding the time of high
water is to be taken from the Almanac, and the mean establishment being added the time of
high water results. Thus:

Example I.—1t is required to find the time of high water at New York on November 5, 1854.
The American Almanac gives 0k Om. as the time of transit of the moon on that day. The
mean interval for New York, from Table I, column 3, is 8%. 13m., which, as the transit was
at 0., is, roughly, the time of high water. The moon being full, the height is that of spring
tides of column 6, viz: 5.4 feet. If the soundings on the chart are reduced to low water spring
tides, 5.4 feet are to be added to them to give the depth at high water. If the soundings are
reduced to mean low water, the rise and fall of mean tides being 1.1 foot less than for springs,
the rise or increase of depth will be half of this, or 0.6 of a foot less than 5.4 feet, which is
4.8 feet, or nearly four feet ten inches.

Example IL.—Required the time of high water at Boston on January 23, 1851. From the
American Almanac we find the time of the moon's southing or transit on that day 5&. 18m.
a. m., and from Table I the mean interval at Boston dry dock is 114. 2Tm.
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We have then 5k. 18m. time of transit.
To which add 11 27 mean interval from Table 1.

16 45 time of high water, or 4h. 45m. p. m.

If the Greenwich Nautical Almanac is used, add 2m. to the time of transit of Greenwich for
every hour of west longitude and its proportional part for less than an hour. It will suffice to
take the half hour which may be over any number of hours, as the correction for less than this
would be less than one minute, and need not be taken into account. Thus, Boston is 44. 44m.
west of Greenwich. The correction to be applied to the time of transit of the moon is, for the
four hours, eight minutes, and for the forty-four minutes, one minute. The time of transit on
the date assumed in the preceding example is 17h. 9m. of the 22d, or 5k 9m. a. m. of the 23d,
to which add nine minutes; the correction just found gives 5. 18m., as before ascertained from
the American Almanac.

In using the United States Nautical Almanac, in the astronomical part of which the transits
of the moon are given for the meridian of Washington, the corrections required may, in this
first approximation for the Atlantic coast, be neglected. To find the time of the next following
low water add, from Table I, the duration of ebb tide.

This gives 4k. 45m. p. m. time of high water.

6 13 duration of ebb tide from Table I.

10 58+ p.n.

By subtracting the duration of flood tide we obtain the time of the preceding low water,
10%. 32m. a. m., recollecting that 4h. 45m. p. m. is the same as 16k. 45m. reckoned from mid-
night.

The height of this tide, corresponding to the transit of 5k., will bring it nearly to a neap
tide, and the rise and fall obtained from column 7, Table I, is 8.5 feet. The next following
high water may be had by adding to the time of low water the duration of flood from Table I.
Thus:

10%. 58m. p. m. time of low water January 23.
6 13 duration of flood from Table I.

Sum 17 11 or 5h. 11m. on January 24.

Or, having found the time of high water, the time of the next following high water may be
found by adding the duration of flood and ebb together, and their sum to the time of high
water found, thus:

6%. 13m. duration of ebb tide, from Table I.
¢ 13 duration of flood.

Qum 12 26 duration of whole tide.

4 45 p.m. January 23, time of high water.

SQum 17 11  or 5h. 11m. & m., January 24, time of the next succeeding high water.
Subtracting the same quantity will give the time of the preceding high water, thus:

4h. 45m. p. m., or 16%. 45m. from midnight, is thetime of high water.

12 26 duration of flood and ebb tide.

4 19 a. m. of the 23d for the preceding high water.
The duration of the flood and the ebb being reckoned from the middle of one stand or slack
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water to the middle of the next, the time of beginning of stand of ebb or flood will be found
by subtracting half the duration of stand or slack water given by column 10, Table I, from the
time of high or low water, and the time of the end of the stand of ebb or flood by adding the
same. A nearer approximation to the times and heights of high water may be obtained by
the use of Tables II and IIL

vt TABLE IL

Interval between the time of moon’s transit and the time of high water for different hours of transit, and for several different ports.

Time of moon’s| Boston, Mass. | New York, lPhilﬂdelphiﬂ, Old Pt. Com-| Baltimore, | Smithville, Clmrh?s!on,‘Fl.Pll]:\Ski,Sﬂ- Key West, SanFrjnnmisco
< transit. N. ¥ Pa. fort, Va. Md. N. C. 8.C. vannah, Ga. Fla. ’ Cal.
h. m h. m h. m. h. m. h. m. h. m ke m. h. m. h. m. k. m. } h. m.
0 o0 11 38 8 20 1 1 8 33 6 47 7 2 7 38 7 30 9 33 ‘ 12 5
0 30 11 33 8 18 1 28 8 27 6 42 7 21 7 33 7% 9 26 11 59
LS80 11 28 8 15 1 25 8 21 6 37 7 16 7 27 7 19 9 19 i 11 53
1 30 11 24 8 10 1 21 8 15 6 31 R 7 21 795 9 13 11 47
> 2.-0 11 R0 8 6 1 18 8 9 6 26 S | 7 16 p (I 9.6 11 41
2 30 11 16 8 0 1 14 8 4 6 21 v 7 12 7 8 9 11 36
3 0 11 13 7 55 1 8 0 6 17 70 TN e 8 57 11 33
3 30 11 10 7 52 1.8 7 55 6 13 | s 755 8 53 11 33
4° 0 it B 7 52 1% 7T 8 6 11 7 2 (. 7 4 8 53 11 38
4 30 6 4 AR 7 52 13 7 49 6 10 T .8 7 2 T3 8 56 11 46
o0 17, 68 7 53 ! ) 7 48 6 10 7 4 7 8 7 4 9 2 11 55
5 30 i1 9 7 56 0 59 7 50 6 13 7 6 e T 9 10 12 3
6 0 11 13 7 59 0 59 7 53 6 19 Tisd 4, 1% 2. 48 9 2 12 11
iy 6 30 11 19 8 5 Ligail 8 0 6 25 7 13 7 19 7 12 9 33 12 16
Lo 11 25 i | Lt 4 g 7 6 32 7T 7 24 7 16 9 49 12 23
7 30 11 32 8 17 1 15 8 15 6 39 7 23 7 3R 72 0 0 12 29
R L) 11 38 8 23 1 23 8 24 6 44 7 28 7 38 7 28 100 6 12 34
. 8 30 11 43 8 27 1 29 8 33 6 49 7 33 7 45 7 34 W7 12 37
F 9 0 11 47 8 32 1 34 8 40 6 52 787 7 48 7 39 10 6 12 36
9 30 11 48 8 34 1 39 8 45 6 54 7 39 7 50 7 42 100 3 12 34
10 =0 11 49 8 35 1 42 8 48 6 53 7 40 780 7 43 9 59 12 30
10 30 11 48 8 34 1 43 8 48 6 52 7 40 7 47 7 41 9 56 | 12 24
11 0 11 47 8 31 1 41 8 46 6 50 7 36 7 44 7 37 9 48 12 17
11 30 11 43 8 25 14 37 8 40 6 48 7 30 7 41 7 34 9 40 ‘ 12 9
TABLE IIIL

Showing the rise and fall of tides, and corrections lo be applied to delermine the depth at high water of soundings on charts referred to mean
low water, and to low water spring tides.

Time of Boston. Mass. New York, N. Y. Philadelphia, Pa. Old Point Comfort, Va. Baltimore, Md. Time of
moon’s moon’s
transit. R B. C. A. B. . A. B. C. A. B. C. A, B. 58 transit.
Hour. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feet. | Feef, Hour,

0 11.2 10.6 11,3 4.9 4.5 49 6.3 6.2 6.3 2.9 2.6 2.9 1.5 14 1.6 0
1 11.3 10.6 113 4.9 4.5 4.9 6.4 6.4 6.5 3.0 2.7 3.0 1.5 1.4 1.6 |
2 11.2 10.5 11.2 4.7 4.4 48 6.6 6.5 6.6 29 2.7 2.9 15 1.3 1.5 Q9
3 10.6 10.3 10.0 4.3 4.2 4.6 6.6 6.5 6.6 2.6 26 2.8 1.4 1.3 1.5 3
4 10.0 | 10.0 | 10.7 3.8 4.0 4.4 6.4 6.4 6.5 2.3 2.4 2.7 1% 1.2 1.4 4
5 9.2 9.7 10.4 3.5 3.8 4.2 6.1 62 6.3 2.1 2.3 26 1.1 5 | 1.3 5
6 8.8 9.4 10.1 8.3 3.7 4.1 5.7 5.9 6.0 2.0 2.2 2.5 0.9 1.1 1.3 6
7 8.6 9.3 | 10,0 3.3 a3y 4.1 5.4 5.6 5.7 2.0 2.3 2,5 0.9 b 1.3 v
8 8.9 9.5 ‘J 10 2 3.6 3.8 4.2 5.2 5.3 5.4 2.2 2.4 26 1.0 LI o e P 8
o | 04| o7 [104 | 40| 40| 44| 54| 54| 55| 25| 25| 28| 11| 13| 15 "
10 10.1 10.0 ‘ 10.7 4.5 4.3 47 5.7 5.7 5.8 2.8 2.7 2.9 1.3 1.4 1.6 10
11 10.7 103 ‘ 11.0 4.8 4.5 4.9 6.0 6.0 6.1 3.0 2.8 3.0 14 1.4 1.6 ‘ 11

|
|
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TABLE IIL.—Continued.

" Smithville, N. C. Charleston, 8. C. Fort Pulaski, S8avannah Key West, Fla. San Francisco, Cal.

Time of gntrince. Time of
mooun’s moon’s
transit. — | transit.

A. B. C. A. B. ‘ C. A. \ B. C. A. B. C. A. B. C.
|

Hour. Feet, | Feet. | Feet. | Feet. | Feet. ‘ Feet. | Feet. | Feet Feet. | Feet. Feet. | Feet. | Feet. | Feet. | Feet. | Hour
0 5.2 4.8 5.1 6.0 5.5 6.0 7.8 7.4 7.8 1.5 1.4 1.6 4.5 4.0 4.4 0
1 5.1 4.8 5.1 5.9 5.5 5.9 7.9 7.4 1.9 1.5 1.4 1.5 3.9 3.7 4.1 1
2 5.0 4.7 5.0 5.7 5.4 58 7.6 7.3 LA 1.5 1.4 1.5 37 3.6 4.1 2
3 4.6 4.5 4,8 5.3 5.2 5.6 wi 7.0 7.5 1.4 1.3 1.4 3.5 3.5 4.0 3
4 4.3 4.4 4.7 4.7 4.9 5.4 6.5 6.7 %2 1.2 1.2 1.3 3.1 3.3 3.8 4
5 4.0 4.3 4.6 4.4 4.8 | 52 6.1 | 6.5 7.0 1.0 2.1 1.2 2.8 3.1 3.6 5
6 3.8 4.2 4.5 4.2 ah. 1 Bl 5.8 6.4 68 0.9 1.0 L1 | 2.7 3.1 3.6 6
7 3.8 4.1 4.4 4.3 47 5.1 6.0 6.5 6.9 0.9 Ll 1.2 3.0 3.3 3.7 7
8 4.0 4.2 4.5 4.5 4.8 5.3 6.4 6.7 i 1.0 1.2 1.3 3.4 3.5 3.9 8
9 4.3 4.3 4.6 5.0 5.0 5.5 6.9 | 6.9 7.4 1.2 1.3 1.4 3.8 3.6 4.1 | 9
10 4.7 4.6 4.9 5.5 5.3 ‘ 5.8 T4 g T0 7.6 1.4 1.4 1.5 4.0 3.8 4.2 10
11 5.0 4.7 5.0 5.9 5.5 ‘ 5.9 7.8 72 7.8 1.5 1.4 1.5 4.2 3.8 4.3 11

In these the variations in the interval between the moon’s transit and high water are shown
for some of the principal ports contained in Table 1. These variations of intervals depend
upon the age of the moon, and, as they go through their values in half a lunar month, are
known as the half-monthly inequality of interval. The table extends from the OA. of transit,
midnight of the calendar day, or full of the moon, to 11} hours. The numbers for change of
the moon correspond to those of 0k., and for 13 hours (or 1h. p. m. of the calendar day) to 1
hour, and so on up to 23 hours. The ports for which the numbers are given are designated by
the heading of the column.

The mean interval, it will be seen, does not occur at full and change, but nearly two days
afterwards, on the Atlantic coast. At Key West it occurs more nearly at full and change, and
at San Francisco still more nearly.

The same remark applies to the heights; spring tides occur about two days after the full and
change of the moon, and neaps two days after the first and last quarters. The use of this
table of nearer approximation is quite as simple as that of Table L.

Rule to find the time of high water.—Look in the Almanac for the time of moon’s transit (or
southing) for the date required. In the table corresponding to that time will be found the
number to be added to the time of transit.

Exzample III.—Required the time of high water at New York October 1, 1856. Using the
United States Nautical Almanac, we find the time of moon’s transit 1k. 24m. astronomical
reckoning, or 1k 24m. p. m. calendar time. From Table II we have, under the heading of
New York, for 1. 30m. (the nearest number to 1%. 24m. in the table) 8%. 10m.

Thus, to 1k 24m., time of moor’ s transit,

Add 8 10 interval found in Table III.

The sum 9 34 p. m. is the time of high water on the 1st of October, 1856.

If the sum of these numbers had exceeded twelve, the tide would have belonged to October
2, and we must have gone back to the transit of the day before and computed with it to obtain
the tide of October 1.

Rule to find the height of high water.—Enter table ITI, column 1, with the time of moon’s
transit. -In the column headed with the name of the place, and marked A, will be found the
rise and fall corresponding to the time of transit; in column B the number to be added to
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soundings on the chart, where the soundings are given for mean low water; in column C the
number to be added to charts of which the soundings are given for low water spring tides.

In the foregoing example, (IIL,) the time of transit being 1 and 2 hours, we find from Table
III the rise and fall of tides on the 1st of October, 1856, between 4.9 and 4.7; the number to
be added to soundings given for mean low water 4.5 feet, (column B,) and for low water spring
tides (column C) 4.9 feet.

Having found the time of high water, that of low water may be obtained, nearly, by adding
the duration of ebb from column 9, Table I. The time of the next preceding low water may
be found by subtracting the duration of flood from column 8, Table I. The time of the next
following high water may be found by adding the duration of both flood -and ebb; and of the
next preceding high water by subtracting the same duration of the whole tide.

Example IV.—To find the next high water following that of Example IIL.

The duration of flood, column 8, Table I, for New York is 6%. 0m., and of ebb, from column
9, is 6A. 25m.; the sum is 124 25m.

To 9%. 34m. p. m., October 1, time of high water found,

Add 12 25 duration of flood and ebb.

Sum 21 59  or 9%k 59m. a. m. of October 2, the time of the next high water.
TIDES OF THE PACIFIC COAST AND OF PART OF THE COAST OF FLORIDA.

On the Pacific coast there are, as a general rule, one large and one small tide during the
day, the height of the two successive high waters occurring one a. m. the other p. m. of the
same twenty-four hours, and the intervals from the next preceding transit of the moon are
very different, The. inequalities depend upon the moon’s declination; they disappear near
the time of the moon’s declination being nothing, and are greatest about the time of its being
greatest. The inequalities for low water are not the same as for high, though they disappear
and have the greatest value at nearly the same times. The tides of the southern part of
Florida and of the western coast of that peninsula, as far as St. Mark’s, are of the same char-
acter.

In Puget’s sound the inequalities for the interval of high water and for the height of low
water follow this rule; but those for the interval of low water and height of high water disap-
pear about one day before the moon’s declination is greatest, and are greatest about four or
five days before the greatest declination.

When the moon’s declination is north, the highest of the two tides of the twenty-four hours
occurs at San Francisco about eleven and a half hours after the moon’s southing, (transit;) and
when the declination is south, the lowest of the two high tides occurs about that interval.

The lowest of the two low waters of the day is one which follows next the highest high
water. The nature of these tides will probably appear more plainly from the annexed
diagrams. In them the height of the tide is set off at the side on a scale of feet, and the
hours of the day are at the top. At 12 noon, for example, the tide-gauge marked 6.7 feet.
Joining all the heights observed in the twenty-four hours we have a curve like that marked in
the figure. The two high waters are a and ¢, the two low waters b and d. If @ is the high
water which occurs about twelve hours after the transit of the moon, when the declination is
south, the ebb a b is quite small, and the high water, @, is much lower than the next high
water, ¢. If the moon’s declination is north, it is the large high water, a, of the second
diagram which occurs next after the transit, and about twelve hours from it. At Key
West the contrary obtains, diagram 1 applying when the moon’s declination is north, and
diagram 2 when south. Tables IV and V give the number to be added to the time of
moon’s transit to find the time of high water almost as readily as in the former case,
They are of double entry, the time of transit being, as before, placed in the first column,

3
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The number of days from the day at which the moon had the greatest declination is
arranged at the top of the table. Entering the first column with the time of transit, and
following the line horizontally until we come under the column containing the days from

. T a the greatest declination, we find the number to be added to

i K /{ the time of the transit to give time of high water. If the

: F \ moon’s declination is south, Table IV is to be used; if north,
b /’4 Table V.

Tables IV to IX| inclusive, have been recomputed, using

51
TN Tk
. 3 more complete data for the inequalities above referred to,

and to those for San Francisco similar tables have been

-1 \ added for San Diego, Astoria, Port Townshend, and Key
3 \’/ West, Fla. For the other places on the Western Coast
d

given in Table I the following rules will give sufficiently

! DIAGRAM| 2 || close approximations.
/1 To obtain the times of high or low water for San Pedro,
Cuyler’s harbor, and San Luis Obispo, compute first the
time for San Diego by Tables IV, V, or VIII; then add to
/ the time thus obtained 30 minutes to obtain the time for

T -
£
j

‘ d San Luis Obispo, and subtract 13 minutes for Cuyler’s
, harbor. At San Pedro the time of high or low water is
: sensibly the same as at San Diego.

. ] For Monterey, South Farallone, Mare Island, Benicia, Ra-
venswood, and Bodega, compute first the time for San Francisco, then subtract from the time
thus obtained 1A. 44m. for Monterey, 1%. 29m. for the South Farallon, and 45m. for Bodega;
and add 34m. for Mare island, 14. 4m. for Benicia, and 30m. for Ravenswood. For Humboldt
bay, Port Orford, and Neeah harbor, compute first the {ime for Astoria, then subtract from it
40m. for Humboldt bay, 1%. 16m. for Port Orford, and 9m. for Neeah harbor.

For Steilacoom and Semiahmoo bay, compute first the time for Port Townshend, and add to
it 5Tm. for Steilacoom, and 1%. for Semiahmoo. The approximation will be only a rough one
for Steilacoom.

For the heights, Tables VI, VII, and 1X for San Diego can be used without change for San
Pedro, Cuyler’s harbor, and San Luis Obispo. These tables for San Francisco are also appli-
cable to Monterey, South Farallon, and Bodega. For Mare Island add 1.2 foot, for Benicia,
0.9 foot, and for Ravenswood, 2.7 feet to the quantities for San Francisco. i

For Humboldt bay, Port Orford, and Neeah harbor, the tables for Astoria may be used, sub-
tracting 1.7 foot for Humboldt bay, and 1.0 foot for Port Orford. For Neeah harbor the tables
will give approximate results without change.

For Semiahmoo bay, add one foot to the quantities in the tables for Port Townshend. For
Steilacoom, a rough approximation may be obtained by adding 4.6 feet to them.

For the coast of Florida, compute the times of high or low water for Key West, and subtract
\ 12m. for Indian key, and add .26m. for Tortugas and 14. 51m. for Egmont key, 3. 45m. for

Cedar keys, and 4. 8m. for St. Mark’s. For the heights, add half a foot for Indian key, and
use the tables without change for Tortugas and Egmont key. For Cedar keys and St. Mark’s,
the results could not be obtained with much accuracy in this way; special tables will be pre-

pared for those places.

w
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TABLE 1V.—KEY WEST.
{ ’; ‘ SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
g . ‘ EES A i o
55 ‘ ofore— [ After—
pe & Before ’
o - o ] D % A i DNTEIR il o oo e
, £ ‘ gi4 T kg ' 5 ’ 4 ) 3 | e ’ 1 0] | 2 ' 3 4 ’ 5 6 7
&g | [ [ |
| | ‘ | | | e
i h.m. ‘ h. m. ‘ h. m. ’ h.m. h. m. h.m. h. m. h m. h.m. hom. | h.om. h.m. h.m ; h.m h.m. h.om.
0 00 940 | 930 918 9 07 9 01 849 | B44| 840 | 840 ‘\ 846 | 834 906 | 916 927 937
X 030 9 33 993 o1l'| 906 | 854 842 | 837 833 833 | 839 | 847 859 " 9 09 9 20 9 30
' 100 9 92 916 904 | 853[ 847 | 835| 830 | 89 | 826’ 832 | 840 | 85| 90 813r 923
13 | 920 910 sss{ 8 47 841’ 820 | 824 SQO‘ 82 | 82 | 834 | 846 | 856 907' 9 17
200 ( 913 903 851 | 840’ 834 | 822 817 813 | 813 | 819 8 27 8 39 8 49 9 00 9 10
2 30 9 08 858 | 846 | 835 | 829 | 817 | 812| 808 | 808 | 814 | 82| 834 | 8a 8 55 9 05
300 904 | 854' 84-2[ 8 31 [ 8‘3.5‘ 813 | 808 804! 804 | 810 818 | B30 | 840 8 51 9 01
3 30 900 | 850 838 ( 827 | 82l 809 | 804 800 | 800 | 806 | 814 82 | 83 8 47 8 57
400 | oo " Bz 83 | 8o7 8 21 809 | 804 | BO0O| 800 | 806 814‘ 82 | 836 847' B 57
430 | 903 | 85 8 41 8 30 524’ 812 | 807 | 803 | 803 | 809| 817 | 820 | 839 850 | 900
500 | 909 | 859 8 47 8 36 830 | 818 | 813 sugl 809 | 915| 823 | 835 | 845 85 | 906
53 | 917 | 907 8 55 8 44 8338 | 82 | 82l 817 | 817 | 823 | 831 843 | 853 9041 914
L 600 | 929 | 919} 907‘ 856) 850 838 | 833 8‘29. 8‘29‘ 835 | 843 | 855 | 905 91? 9'26
6 30 ' 9 40 9 30 918 [ 9 07 9 01 849 | 844 | B840 | 8B40 | 8B46 | 854 | 906 | 916 9 27 ’ 9 37
700 956 | 945[ 9 34 923 | 917 905 900 | 85 | 856 | 902 910} 922 | 93 9 43 9 53
7 30 10 07 9 57 945] 934 | 998 916 9n 9 07 907' 913‘ 921’ 933 | 943 9 54 10 04
800{ 1013 | 1003 9 51 | 940 934 | 92| 917 | 913 | 913 | 919 | 927 | 939 | 949 10 00 10 00
830 | 1014 10 04 952 | 94 935 | 923| 918 914! 914 920) 9 28 9401 9 50 10 01 10 11
900 | 1013 | 1003 9 51 940 | 934 9 929 917 91:«} 9131 919 | 927’ 939 949 10 00 10 10
9 30 / 10 10 10 00 9 48 ‘ 937 9 31 919 914 910| 910 | 916 ’ 924 | 936 [ 9 46 9 57 10 07
1000’ 1006 | 9356 944( 933 927 | 915| 910| 906 | 906 | 912{ 920 932 | 94 9 53 10 03
10 30 10 03 9 53 941 | 930 | 94 912 907 903 | 90:«‘ 909 | 917 929 | 939 9 50 10 00
11 00 9 55 9 45 9 33 92 916 9 u4 859 | 855 355\ 9 01 909 | 921 931 9 42 9 52
11 30 947! 9371 99 | 914 908 | 856 | 851 847 | 847 | 853 901 | 913i 9 23 934 9 44
—_——— b N% e | | =i,
TABLE V.—KEY WEST.
bl b — —
§ NORTH DECLINATION —DAYS FROM MOON’S GREATEST DECLINATION.
s E ‘\ Before— KR
@ e T [T s e ———
& ! 7 | } - Y S o 2 3 " 4 5 6 7
| | e ———
h. m. hom | hm ‘ h.m, h.m. h.m. h.m h.m, h.m.
00 929 JI 9 36 ‘ 9 43 9 53 10 06 10 16 | 102 10 92 ]"0"’1': ]’L' '(;‘b ! ’;':6 3:; :;37: I;. :;7
v 030 | 99 | 929J 93 9 46 9 59 10 0y | 1015 10 15 10 11 959 949 935| 927 920
10 915 | 922 | 92 939 9 52 1oo~3‘ 10 08 10 08 10 04 952’ 942 929 920 913
130 909 | 916 | 923 9 33 ‘ 9 46 9 56 10 02 10 02 958 946 93| 923 914 9 07
2 0 9 02 909[ 916 92 | 939 949‘ 9 55 9 5 9 51 939 92| 916| 907 9 00
2 30 8 57 904 911 921 9 34 9 44 9 50 9 50 9 46 9 34 9 24 911 9 02 8 55
30 8 53 900! 9 07 917 9 30 9 40 9 46 9 46 942 930 99| 907| sss 8 51
3 30 849 | 85 | 93 913 9 926 935’ 9 42 9 42 93| 99| 916 903| 851| 847
40 849 | 8356 903 913 9 26 93 | 94 9 42 938 92| 916| 903 854) 8 47
430 852 | 859 9 06 916 9 29 93 | 945 945 9 41 939 920| 906| 857| &850
50 | 858 905' 912 9 22 9 35 945 951 | 951 947 935| 995| -912| 903| 8355
5 80 9 06 913 | 920 9 30 9 43 9 53 9 59 9 5¢ 955( 943| 933 99 911( 9 04
6 0 918 925‘ 9 32 9 42 9 55 10 05 10 11 10 11 10 07 955 | 945| 93| 993 916
6 30 920 | 936 ‘ 943 9 53 10 06 10 16 10 22 10 22 1018 1006, 956| 943 934| 9o7
70 945 | 952 9 59 10 09 10 22 10 32 10 38 | 10 38 1034) 1022 | 1012 959| 950 [© 498
7 30 956 | 10 03 10 10 1o 20 10 33 1043 | 1049 | 1049 1045 | 2033 | 1023 | 1010 1001 ‘ 9 54
8 0 1002 | 1009 [ 10 16 10 26 10 39 10 49 10 55 10 55 10511 1039 | 1029 | 1016 | 10 07 10 00
8 30 10 03 | 10 10 10 17 1027 | 1040 10 50 10 56 10 56 1052 1040 | 1030 | 1017 | 1008 1001
9 0 10 02 | 10 09 10 16 10 26 10 39 10 49 10 55 10 55 1051 | 10 39 ' 1029 1016 | 1007 | 1000
9 30 959 | 10 06 10 13 1o 23 10 36 10 46 10 52 10 52 1048 | 1036 | 1026 | 1013 1004 9357
10 0 955 | 10 02 10 09 10 19 10 32 10 42 10 48 10 48 1044 | 1032 | 1022 10090/ 10 00 953 ’:
10 30 9 52 9 59 10 06 10 16 10 29 1039 | 1045 10 45 10 41 10 29 10 19 10 06 9 57 | 9 50 f
110 944 | 951 9 58 10 08 10 21 1031 | 1037 10 37 1033 1021 | 1011 958 949 942
11 30 93 | 943 9 50 10 00 10 13 1023 | 1029 | 1029 1025) 1013 1003| 950 941 | 934
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TABLE IV.—SAN DIEGO

';c; SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

E 2

b é Before— After—

¥ .

.S aE ‘ 5 4 ‘ 3 ‘ 9 ~ 1 0 1 i 2 ] 3 ! 4 i 5 l 6 ‘ 7

| |

h.om 1 h. m. ‘ h. m. ‘ h. m. h. m. h. m. \ h. m. | h. m. h. m. h. m. l h. m. k. m. ‘ he M. ‘\ he m. he m. h.m.
00 925 9 40 95| 10 3| 1012| 102 102 | 1029 1020 | 1025 | 1019| 1010| 10 0| 947 9 30
0 30 915 | 930 94| 953 1 10 2| 1010 | 1015| 1019 019 | 1015 | 10 9| 10 0| 950 927 | 920
10 9 8| 923 l 93| 946| 95| 10 3 ‘ 10 8| 1012 10 12 108 | 102 95| 943 930 ‘ 913
130 91| 916 | 998 939| 948 95| 10 1| 105 10 5 10 1 955| 946| 93| 923| 986
2 0 85¢ | 99| 99| 9| 94| 949 95 9 58 958 | 954 948 | 939| 92| 916 8 59
230 | 849 ‘ 9 4 ‘ 9o16| 997| 938 944‘ 9 49 : 9 53 9 49 943| 934| 924| 911 8 54
30 848 | 93| 915 99| 935| 943 948 9 52 9 48 94| 933| 92| 910 8 53
330 | -B4g | 9 3 915| 99| 93| 943 9»18‘ 9 52 9 48 942| 933 923 910 8 53
40 | 852‘ 97‘ 919 93| 93| 947 952 956 9 56 9 52 946| 937 921| 914 8 57
4 30 8 56 ‘ 911 | 923| 934 | 943| 951 95| 100 10 0 9 56 950 | 941| 931| 918 9 1
5 0 915 | 930 ‘ 94| 953 10 2/ 1010 1015| 1019 10 19 1015 | 10 9| 10 0| 950 | 937 9 20
5 30 937 | 952 | W 4| 1015| 1021] 10 3| 1037 104 10 41 1087 | 1081 1022| 1012 959 9 42
6 0 955 | 1010 | 1022| 1033 | 1042| 1050 | 1055| 1059 10 59 1055 | 1049| 1040| 1030 | 1017 10 0
6 30 1012 | 1027 : 1039| 1050 | 1050 | 11 7| 1112| 1016 10 16 1112 | 11 6| 1057 | 1047 | 1034| 1017
70| 1018 ‘ 10 33 ‘ 1045| 1056 | 11 5| 1113 1118 1122 11 22 wis | 112| 11 3| 1053 | 1040 [ 10 23
7 30 10 20 1035 | 1047 | 1058 | 11 7| 1115 1120 1124 11 24 1120 | 1114| 11 5| 1055 | 1042 | 1025
8 0 109 | 1037 | 1049 11 0 11 9f 117 11| 112 11 26 119 | nie| 11 7| 1057| 1044 | 1027
830 | 1024 ‘ 1039 | 1051 11 2| 1111 1119‘ 11 24‘ 11 28 11 28 1124 | 1218| 11 9| 1059 | 10 46‘ 10 29
9 0| 1018 | 1033 { 1045| 1056 11 5| 1113| 1118 1122 11 22 1118 | 1m12| 11 3| 1053 ‘ 1040 | 1023
9 30 w1 | 109 | 1037| 1048 1057 11 5| 1110 11 M4 1114 1110 | 11 4| 1055 1045| 1032 1015

10 0 10 0 ‘ 10 15 ‘ 10 27 ’ 10 38 ‘ 10 47 | 10 55 ‘ 110 ‘ 11 4 1 4 110 | 1054 1045| 1035| 1022 105

10 30 953 | 10 8 | 1020 1031 | 1040 | 1048 | 1053 | 1057 10 57 1053 | 1047 | 10 38 ‘ 1028 | 1015 9 58

11 0 | 945 10 0 | 1012 | 1023 | 10 32 | 1040 | 1045| 1049 10 49 1045 | 1039 1030 102 | 10 7 9 50

11 30 9 36 9 51 \ 10 3 | 10 14 | 10 23| 10 31 ] 10 36 | 10 40 10 40 1036 | 1030 | 1021 1011| 958 9 41

TABLE V.—SAN DIEGO.

';: ‘ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

N E SN, et il P el il e 3 D P
< é ‘ Before— After—

A ‘ s ‘ 4[ 8.5 ! '

Bl 6 5 ‘ 4 - 1 0 1 g¥- Thog bl 5 6 7
8| | | ‘ ‘ | 1 \ | |

h. m. ‘ h. m. | #m | omi| hom. hem. | h.om.| h.om. ‘ h. m. h. m. h.m. ; hem.| h.om.| h.om. h. m.
00 “ 930 | 918 | 9 #| !8i58 8 44 8 36 8 31 8 27 8 27 831 | 837 8 46 8 56 9 9 9 26
0 30 9 21 9 6 854 843| 83¢| 82| 82 817 8 17 8 21 g97| 836| 846 859 9 16
1 o\ 914‘ 859~ 847| 836| 827| 819| 814 8 10 8 10 814 | g20| 820 83| 85 9 9
130 g (O Res 840| 82| 82| 812| 8 7 8 3 8 3 8 il sm‘ g22| 832 845 9 2
2 0 90‘ 845‘ gigaile sionelt s g (v 8 5| & 0 7 56 7 56 8 8 6| 815| 82| 838 8 55
230 855 | 840 gos| 817| 8 8| 8 0| 755 7 51 7 51 755 ¢ 1| 81| 82| 833 8 50
30 554‘ g3 | ser| si6| 8 7| 759 754 7 50 750 7 54 go| 89| s19| 82 8 49
330 85¢ | 839 827 8 16 8 7 7 59 7 54 7 50 7 50 7 54 8 0 g8 9 819 8 32 8 49
40 858 | 843 831| 82| 8I11| 8 3| 758 7 54 7 54 7 58 8 4| 813 823 836 8 53
430 9 2 | 847 83| 824| 815 8 7| 8 2 7 58 7 58 8 2 8 8| 817| 827| 840 8 57
5 0 991 | 9 6 g54| 843| 834| 82| 821 817 8 17 8 21 897| 836| 84| 859 9 16
530 943 | 998 916| 9 5| 856 | B848| 843 8 39 8 39 8 43 849| 858 9 8| 92l 9 38
60 g 1 (R gds) . 930 T 9:RaN T 14T SEOTIGHRS SRS Si 8 57 91| 97| 918| 926 839 956
6 30 1018 | 10 3 9 51 ‘ 940| 931 | 923 918 9 14 9 14 918 994| 933| 943| 956 1013
710 1024 | 10 9 957| 946| 937| 9 20| 924 9 20 920 9 24 930| 93| 949 10 2| 1019
730 10 26 10 11 959| 948| 939 931 926 92 9 22 9 26 93| 94| 951 10 4| 1021
8 0 10 28 \ 1013 | 10 1| 95 | 94| 933 928 924 924 9 928 93| 943| 953| 10 6| 1023
8 30 10 30 ‘ 10 15 10 3 52 9 43 ‘ 935 9 30 926 9 26 9 30 9 36 9 45 955| 10 8 10 25
90 | 1024 | 10 9 | 957 9 46 g37| 929 9 24 9 20 9 20 9 24 930 | 939 949 10 2 10 19
9% | 1016 | 1/ 94| 938 920| 92| 916| 912 1 912 916 | 92 ‘ iy | ereL [ FA54 | 04
00| 16| 95 | o ' 99| 919 om| 96| 9 2 9 2 96| 912 92l ' ga1| 944 101
1030 [ 959 944 | 932 92| 9120 9 4| 859 8:55. 4 855 8 59 9 5| 914 9 | 997| 9
110 ‘ 9 51 ’ 9 36 9924| 913| 9 4| 856| 85 ) g47 | 84T 8 51 g srlator ol Soumsl 09 & 9 46
11 30 942 | 9 27 | 915 \ 9 4 8 55 B 47 842 | 8 38 ‘ 8 38 8 42 8 48 ( 857 9 7 920 ‘ 9 37

| e — — —
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TABLE IV.—SAN FRANCISCO.

\ ; SOUTH DECLINATION.,—DAYS FROM MOON’S GREATEST DECLINATION.
g et
8 &
o8 Before— After—
=
oo
g 7 ‘ 6 5 { 4 i 3 2 1 0 1 2 ‘ 3 4 5 6 7
| > | | | |
“ h.m hom.| h.m.| h.m l h. m hom.| hom.| h.m | h.om | hom. | h.m ‘ h. m. h. m. h. m. h. m. he m.,
0 0| 1143 1159 1215| 1233 | 1250 | 1303| 1317 | 1320 1319| 1314 | 1307 12 57 12 45 12 32 12 18
030 | 1| s3] 1209 ‘ 1297 | 1244 | 1257 | 1311 | 1314 | 1313| 1308 | 1301 12 51 12 39 12 26 12 12
1o:0'| 110:88 | <1147 ) 1203| 1221 i 1238 1251 | 1305| 1308 | 1307 1302 | 12355 12 45 12 33 12 20 12 06
130 | 1125 1141 1157 | 1215 1232 l 1245 | 1259 | 1302| 1301 | 1256 | 1249 12 39 12 27 12 14 12 00
2 0| 1119 1135| 1151 1209 122 | 1239 | 1253 | 1256 | 1255 1250 | 1243 12 33 12 21 12 08 11 54
230 | 11 14 . 1130 1146 | 1204 | 1221 } 1234 1248 | 1251 | 1250 | 1245| 1238 12 28 12 16 12 03 11 49
30| 11| 11927 1143| 1201 | 1218 1231 | 1245 1248 | 1247 | 1242 1235 12 25 2 13 12 00 11 46
330 1111 | 1127 1143| 1201 | 1218 | 1231 | 1245| 1248 | 1247 1249 | 1235 12 25 12 13 12 00 11 46
4 0 1116 / 11 32 ‘ 11 48 { 1206 | 12 23 [ 1236 1250 | 1253 | 1252 | 1247 | 1240 12 30 12 18 12 05 11 51
430 1124 1140| 1156 1214| 1231 | 1244 | 1258 | 1301 | 1300 | 1255 | 1248 12 38 12 26 1213 11 59
5 0| 1133| 1149/ 1205 ’ 1223 | 1240 | 1253 | 1307 1310 | 1309 | 1304 | 1257 12 47 12 35 12 22 12 08
530 | 11 41 . 1157 1213 J 12 31 } 1248 | 1301 | 1315| 1318 | 1317 | 1312 | 1305 12 55 12 43 12 30 12 16
6 0| 1149 | 1205 122 ' 1239 1256 | 1309 1323| 1326 | 1325 | 1320 | 1313 13 03 12 51 12 38 12 24
630 1154 1210 1226 1244 1301 | 1314 | 13928 | 1331 | 1330 | 1325 | 1318 13 08 12 56 12 43 12 29
7 0| 1201 } 12 17 ’ 1233 1251 | 1308 | 1321 | 1335 | 1338 | 1337 | 13| 1325 13 15 13 03 12 50 12 36
730 1207 1223 ‘ 1239 | 1257 1314 1327 | 1341 1344 | 1343 1338 | 1331 13 21 13 09 12 56 12 42
80| 1212| 1228 | 1244| 1302| 1319| 1332 | 1346| 1340 | 1348| 1343| 1336 13 26 13 14 13 01 12 47
830 1215 [ 12 31 [ 12 47 ' 1305 | 1322 | 1335 | 1349 | 1352 ‘ 1351 | 13 46 ' 13 39 13 29 13 17 13 04 12 50
9 0| 1214 1230 | 1246 | 1304 [ 1321 | 1334 | 1348 | 1357 | 1350 | 1345| 1338 13 28 13 16 13 03 12 49
930 1212 | 1228 | 1244 1302 | 1319 | 1332 | 1346 | 1349 | 1348 | 1343 | 1336 13 26 13 14 13 01 12 47
10 0| 1208 1224 ( 12 40 ' 12 58 ‘ 1315| 1328 | 1342 | 1345 ‘ 13 44 | 13 39 ! 13 32 13 22 13 10 12 57 12 43
1030 ( 1202 1218 | 1234 1252 | 1309 | 1322 | 1336| 1339 | 1338 | 1333| 1326 13 16 13 04 125 12 37
11 0| 1155/ 1211 ‘ 1297 | 1245 | 1302 | 1315| 1329 1332 1331 | 1326 | 1319 13 09 12 57 12 44 12 30
11 30 | 11 47 | 12 03 J 12 19 J 12 37 ] 1254 | 1307 | 1321 | 1324 | 1323 | 1318 ‘ 13 11 13 01 12 49 12 36 12 22

e e L ) |

TABLE V.—SAN FRANCISCO.

“
§ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION. 3
B o3 — CNRIE v ¥ - e s
= ;_L: Before— e
o - e —
£ 7 ’ 6 5 ‘ 4 ' 3 2 1 0 ¥ 2 & -l 5 { 6 7
h. m. h. m. h. m, h. m. h. m. ' hom | hom h. m. hom. | k. m. / o Jits T ( hir T r R e Kovas.
0 0| 1227 1211 | 1155| 1137 | 1120| 1107 | 1053 10 50 | 1051 105 1103 | 1113 11 25 11 38 11 52
030 | 1205 1149 | 1131 1114 1101 ] 1047 | 1044 | 1045 1050 | 1057 [ 1mor 1119 na® | 1146
1% 11 59 1143 | 1125 11 08 10 55 10 41 10 38 | 10 39 10 44 ‘ 10 51 11 01 11 13 [ 11 26 11 40
130 [ 1153 N3 | 1 19} 12| 10 49] 1035 1032 10 33’ 1038 1045 ‘ 1055 1107 1120 11 34
20 1147 | 1131| 1113 1056| 1043 | 1029 1026 | 1097 | 1032| 1039 10 49 11 01 1114 | 1128
2 30 ‘ 142 1196 | 1108| 1051 10 38( 1024) 1021 | 1022 | 1027 1084 | 1044 10 56 J 11 09 11 23
30| 1139 1123| 1105 1048 | 1035 1021 1018 | 1019| 1024 | 1021 10 41 10 53 11 06 11 20
330 1139 1123| 1105| 1048| 1035 | 1021 | 1018 1019] 102¢| 108 | 1041 10 53 11 06 1120
40 1144| 1128| 1110 1053 | 1040 | 1026 | 1023 | 1024 | 1029 | 1035 | 1045 10 58 11 1125
430 1152 | 1136 [ 118 | 1wo1| 1048 1034 1031 | 10 2| 1037 1044 | 1054 11 06 1119 11 33
50 1201 | 1145| 1127 1110 1057 | 1043 | 1040 | 1041 | 1045 | 1053 | 1103 11 15 11 28 11 42
530’ 1209 1153 1135 1118] 11 us‘ 1051 1048 | 1049 | 1054 1001 | 11 11 23 ‘ 11 36 11 50
6 0 1217 | 1201 1143 112 | 1113| 1059 | 1056 | 1057 | 11 02| 1109 ‘ 1119 11 31 11 44 11 58
6 30 1292 | 1206 | 1148 1131| 1118| 1104} 1L 01 02| 07| 1114 | 1121 113 | 1149 12 03
790 1299 | 1213 | 1155| 1138| 1125 1|11f 11 08 | nou’ 1114 1rel 11 31 11 43 11 56 12 10
730 1235 1219 1201 | 1144 | 1131 1117 1114| 1115| 1120 1127 11 37 11 49 J 12 02 12 16
8 0 1240 | 1224 | 1206 | 1149 1136 | 1122 | 1119| 112 | 112 | n&® 1 42 1154 | 1207 12 21
8 30 43| 1297 12 09| 1152 1139 1195} nee| nwl ns| ns ] 11 45 1 57 ‘ 12 10 12 24
9 0| 1242 12926 | 1208| JU51| 1138| 1124 1131 1122 | 1127 1134 11 44 135 | 1209 1223
9 30 1240 | 1224 | 1206 1149 | 1136 | 1122| JL19| 1120 [« 1125 | 113 1 42 11 54 12 07 1221
10 (JJ | 1286 usoi 1202 1145) 113 11 IR‘ 1115" 1116 | 1121 | 1198 11 38 11 50 12 03 1217
1030 | 1246 | 1230 | 1214 | 1156 | 1139 1126 | 1112 1109| 1110 | 1115| 112 11 32 11 44 11 57 12 11
11 0| 1239 | 1293| 1207 | 1149 | 1132 1119 nos: 1102 1103|108 115 | 12 11 37 11 50 12 04
130 | 123 | 1215 1 59 \ 11 41 ‘ 1124 | 1111 1057 ‘ 1054 108 | 1100 1107 ‘ 1117 11 29 11 42 11 56
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TABLE IV.—ASTORIA.

'«; SOCUTH DECLINATION.-—DAYS FROM MOON’S GREATEST DECLINATION.

< -E—L: Before— | After—

g i J

.E 7 6 sy free 3 2 1 0 | 1 2 3 4 8 6 7

h. m. h. m. h. m. h. m.\ h m. k. m. h. m. h. m. h. m. ‘ h. m, h m. h. m. h.m. h.m h. m. h. m.
0 0 | 1242 1255| 13 5| 1318| 1328 | 13 38 13 41 13 45 | 13 46 13 44 1340 | 1334( 1324 1314 | 13 2
0 30 | 123 | 1249 | 12 59‘ 1312 1322 13 32 | 13 35 | 13 39 | 13 40 | 13 38 | 1334| 1328 | 1318| 13 8| 12 56
1 0 1220 1242| 1252| 13 5| 1315| 13 25 | 13 28 | 13 32 | 13 33 | 13 31 1347 | g s aeet ] 1 49
1 30 1223 1236 | 1246 | 1250| 13 9| 13 19 | 13 22 | 13 26 | 13 27 13 25 | 1321 1315| 13 5| 1255| 12 43
2 0 1215 12928 12 38‘ w5 | w3l 18 n 13 14 13. 98 | 133g| 13 %7 | 4348 Wiy aRisT| 1247|1935
2 30 12 9| 1222 1232 1245 1255| 183 5 I 84 18 T rias] a8 1307 | ey | aaeis1 | a2t | 12 29
3 0 12 3| 1216 12926| 1239 | 1248 12 59 13" 9.4l 4% 6 | 13 8ya] 1805 | 3341 | 1255 1245 | 1988 | Y1 23
3 30 | 1158 12 11] 12 21’ 1234 | 1244 | 12 54 12 57 18 1 13 vgil| 1340 1256 | 1250 | 1240 | 1230 | 12 18
4 0| 1157| 1210 1220 | 1233 1243 | 12 53 | 12 56 3 o 13 12 59 | 1255) 1249 | 1239 | 1229 | 12 17
43 | 120 1213 1223| 1236 | 1246 | 12 56 12 50 | 13 3 | 13 4 | 13 2 | 1258 1252 | 1242 | 1232 | 12 2
5 0 12 8| 1221 1231 1244 1254| 13 4 | 13 7 | 13 1 13 12 | 13 10 | 13 6| 13 0| 1250 | 1240 | 12 28
5 30 215( 12928| 1238 | 1251 13 1| 13 11 13 14 13 wgi [Pares| 13 17 | seasiase T JRET | a2 v19L 35
6 0| 1295 1238 1248 13 1| 1311 | 13 21 13 24 13 98- | 1390 | 1897 | aaes | Ay 18w 3257 | 12 45
6 30 1236 1249 | 1259 | 1312 1322 | 13 32 | 13 35 | 13 39 | 13 40 1388 | 11334/ 1328 1318| 13 8| 12 58
78 1245 | 1258 | 13 8| 1321 | 1331 | 13 41 13 44 13 480 [ 300| 13047 |33 | 189y | 18RV | 2807|518 5
7 30 1255 | 13 8| 13 13‘ 13| 1341 | 13 61 13 54 13 58 13 59 18057 | 1883 aguar | asvar| naer| A3 15
g8 | 1373 1818 1326; 90 29| 1380 s 2 14 6 14 T 14 ‘5 | 14 1] 1855 4345/ 2335 431 23
8 3 | 13 8| 1321 1331 | 1344 | 1354 | 14 4 7L adl 14 11 14 12 14 10 | 14 6| 14 0| 1350 | 1340 13 28
ot 0 | 23a0| 139813 33‘ 1346 | 1356 | 14 6 | 14 9 | 14 13 | 14 14 14 12 14 8| 14 2| 1352| 1342| 13 30
9 30 13 9| 1392| 1332 | 1345 1355| 14 5 | 14 8 34 19 | 14 437 1401 rg 7| oo 1] 28081 | 2341 | 9135709
10 0 13 5| 1318| 1328 | 1341 1351 | 14 1 14 4 LR R L ] 4 7 14 3| 1357 1347 | 1337 | 13 25
10 30 1259 1312 13 22‘ 1335] 1345 13 55 | 1358 | 14 B 14 il 443 1357 | 1351 | 1341 ) 1331 | 13 19
11 0 1253 | 13 6| 1316 1329 1339 | 13 49 | 13 52 | 13 56 13 57 | 13 55 | 1351 | 1345| 1335| 1325 | 15 13
11 30 | 1245 1259 13 9‘ 1322 1332| 13 42 | 13 45 | 13 49 | 13 50 | 13 48 | 1344 | 1338| 1328| 1318| 13 6

TABLE V.—ASTORIA.

'g NORTH DECLINATION.~DAYS FROM MOON’S GREATEST DECLINATION.

B

< E’: Before— After—

. 3

] 7 6 5 4 3 2 | 0 1 2 3 4 5 6 7

e 1

h. m. hom| hom | hm| hom | hm| h m k. m. h. m. h. m. h. m. hom.| hom| hom.| hom | h m.
o 0 1310 1257 1247| 1234 1224 12 14 | 12 11 B 3 12 6 12 8 1212 1218 1228| 1238 | 12 50
0 30 13 4| 1251 | 1241 | 1228 1218| 12 8 | 12 5 | 12 1 12 0| 12 2|12 6| 1212 1222 1232 12 4
1 0 1257 1244 12 34\ 2391 | e | 12 1 1L 58 | 11 54 11 53| 11 35 1169 12 5[ 1915 12925| 12..37
13 | 1251 | 1238| 12928 | 1215| 12 5| 11 55 | 11 52 | 11 48 | 11 47 | 11 49 | 1153 | 1159 12 9| 1219 12 31
9 0 | 1243| 1230 1220 | 12 7| 1157 | 11 47 | 11 44 11 40 | 11 39 | 11 41 145 1151 12 1| 1211 12 23
9 30 | 1287| 1224| 1214 12 1| 1151 | 11 41 i3 | 1oy 83 | 1% | M8l a4 a135] 48 5] A9.17
3 o | 128t| 1218 12 8| 55| II45| 11 35 | 11 2 | U 28 11 27 | 11 29 | 1133 1139 1149 | 1159 | 12 11
3 3 | 1226 | 1213 12 3| 150 1m40| 1 80 [ 11 27 | 11 23 11 22 | 11 24 | 11928| 1134 1144 1151| 12

4 0 1295| 1212 12 2| 1149 | 118 | 11 29 | 11 92 | 11 22 | 1L 21 11:28 | Q| 1133 ar48] 188 | 124 5
4 30 1228 1215| 1= 5| 1152 14| 11 & | m 9 [ 1195 | 11 24| 11 2 | 1130 2136| 1146 | 1156 12. 8
5 0| 123 | 12923| 1213| 12 0| 1150 1l 40 | 11 37 13l e | 1134 | 1138] 1144|2154 1.4 | 219516
5 30 | 1243| 1230 1220 12 7| 1157 | 11 47 | 11 44 | 11 40 | 11 39 | 11 4l 1145| 1151 12 1| 1331 19:23
6 0| 1253 1240 1230 1217 | 12 7| 11 57 | 11 54 | 11 50 | 11 49 | 11 51 1m55) 12 1| 1211 1221 | 12 33
6 30 | 13 4| 1251 1241 198 sl 120 8 | agoarfe vy 12 0 12 2| 12 6| 1212 1222 1232 12 44
7 0| 1318| 13 © 1250‘ 1237 1297 12 17 19 14708 X0 g ol 19T 1215] 12921 | 1231 1241 | 12 53
7 30 1323| 1310 13 0| 1247 | 1237 | 12 27 12 24 | 12 20 | 12 19 | 12 21 1295 1231 | 1241 1251 | 13 3
8 0 1331 1318 13 8¥ 1255 1245 | 12 35 12 32 | 12 28 | 12 27 | 12 29 | 1233| 1239 | (249 | 1259 13 11
83 | 133 1323| 1313| 13 0| 1250 | 12 40 | 12 37 | 12 33 | 12 @ | 12 3¢ | 1238| 1244 | 1251 | 13 4| 13 16
9 o | 1338| 1325| 1315| 13 2| 1252 12 42 | 12 39 12 35 | 12 34 | 12 36 | 1240 1246 | 1256 | 13 6| 13 18
9 30 | 1337 1324| 1314| 13 1| 1251 12 41 12 38 12 34 12 33 | 12 35 | 1239 1245| 1255 13 5| 13 17
10 0 [ 1333 1320 1310 1257 | 1247 | 12 37 | 12 34 | 12 % 12 29 | 12 31 123 | 1241 1251 | 13 1| 13 13
10 30 | 1327| 1314| 13 4| 1251 | 1241 | 12 31 12 28 | 12 21 12 23 | 12 25 | 1229 1235 1245| 1255 | 13 7
b 1321 12 8| 1258 1245 1235| 12 25 | 12 22 | 12 18 | 12 17 | 12 19 | 1223 1229| 1239| 1249 13 1
1 30 1314 13 1| 1251 | 1238 1228 | 12 18 12 15 121 12 10 12 12 1216 1222 | 1232 | 1242 | 12 54
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TABLE IV.—PORT TOWNSHEND,

23

SOUTH DECLINATION.—DAYS FROM MOON'S GREATEST DECLINATION.

&

g

2.

ol ‘ Before— | After—

SE |

E |

£ - 6 ' 5 4 3 2 1 0 1 2 3 4 s | 6 7

ke m. h m. k. m. h. m. h m. h. m. h. m. k. m. h. m. h. m. k. m, h. m. k. m, [ hom. k. m. k. m,
0 0 345 321 | 251 2 2 132 | 113 | 126 (14 | 22 | 221 | 24 | 257 | 315 | 333 345
0 30 338 3 14 J 2 44 155 125 1. 6 119 | 137 155 214 2 35 2 50 ‘ 3 8 3 26 338
1 0 33 3 8 2 38 149 119 | 1 0 [ 113 | 131 | 149 | 2 8 | 229 | 244 | 3 2 | 390 3®
1 30 36 | 32| om 143 113 [ 054 | 1 7 | 1925 [ 143 | 22 | 223 | 238 | 25 | 314 326
3 0 32 ’ 257J 2 97 138 18|04 | 12| 12 | 138 | 157 | 218 233‘251 39 391
2 3 318 | 954! 2 2 135 15|04 [ 059 | 117 | 135 | 154 | 215 | 220 | 248 | 3 ¢ 318
3 0 316 2 52 2 29 133 13|04 | 057 | 115+ 133'| 152 | 213 | 228 | 248 | 3 4 316
3 30 ' 317 2 53 223 134 1 4 045 0 58 ‘ 116 134 153 214 229 | 247 335 81y
G [ 391 2 57 9 97 138 e 0 49 1.2 120 138 157 218 233 251 | 39 321
4 30 326 3 2 2 32 143 113 0 54 ey 125 143 2.2 223 2 38 ‘ 2 56 ( 314 3 26
5 0 3 3R 3 8 2 38 149 119 1) 113 131 149 2 8 229 R44. | 39 320 332
5 30 341 | 317 2 47 158 128 19 122 140 158 2 17 2 38 2 53 311 : 329 3 41
6 0 3 52 328 2 58 2 139 120 133 | 151 29 228 2 49 3 4 322 ‘ 3 40 3 52
6 30 4 1 } 337 a7 21 148 | 1929 (142 [ 2 0 | 218 | 237 | 258 [ 313 | 331 | 349 41
7 0 £+ B84 "3 m 314 225 155 | 13 | 149 | 2 7 | 22 | 24 | 35| 32 |33 | 356 48
7 30 415’ 351 3 21 2 3 22| 143|156 | 214 |23 | 25l 312’327 34 | 4 3 415
g .0 418 3 54 34 235 2 5 1 46 159 | 217 235 2 54 315 330 | 348 6 418
8 30 419 3 55 392 2 35 26| 147 |20 | 218|236 | 25 | 316 331 | 349 | 47 419
9 0 418} 3 54 394 2 35 9 5| 146 | 150 | 217 | @35 | 254 [ 8335 | 380 | 348, | 46 418
9 30 415 | 3 51 321 23 2 9 143 1 56 214 2 R 251 [ 312 327 345 4 3 415
10 0 410 ’ 3 46 316 297 157 | 18 | 151 | 2 9| 227 | 246 | 83 7 | 32 ‘3401358 410
10 30 46‘ 3 42 312 2 923 153 [ 134 | 147 | 2 5| 223 | 242 | 33 | 318 | 33 | 354 46
1 o 40 336 36 2 17 147 [ 198 | 141 | 159 | 217 | 23 | 257 | 312 | 330 | 348 40
11 30' 354‘ 330 30 211 141 | 192 135‘ 153 | an 230[251 36}324'342 3 54

TABLE V.—PORT TOWNSHEND.

g ’ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

£ | R T

5 g | Before— After—

@ = }“ PSS S R it R
T R 6 5 ailiiass 3 P 0 1 j 2 l 3 r 4 5 6 7

& | » .

b “ | ‘ ‘ |

. m. h.m. h.m h. m. h. m. k. m. k. m. h.m. h.m. h. m. h.m. | hom. | h.m. | h.m. h m. h. m,
0 0‘ 345 4 9 4 39 528 5 58 6 17 6 4 5 46 528159‘448‘433\415 3 57 345
o | 338 4 2 43R 521 5 51 ‘610 5 57 5 39 5 21 5 2 4 41 ffl:!ﬁ [48 3 50 338
1 0’ 3 32 3 56 4 26 515 545‘64 5 51 5 33 515 4 56 435}420}42 3 4 3 32
1 30 326 3 50 420 59 539 5 58 545 527 59 4 50 4‘29‘414}356 338 3 26
L0 321 345 415 5 4 53¢ | 553 5 40 522 5 4 445 424‘}49’351 333 32l
2 30 ’ 318 34 412 51 531 5 50 5 37 519 5 1 4 42 421 | 4 6 ‘ 3 48 3 30 318
3 0 316 3 40 410 459 520 | 548 5 35 5 17 459 4 40 419 4 4 | 346 328 3 16
3 30 ! 317 341 411 5§ 0 5 30 i 549 5 36 518 5 0 ' 441 4 20 4 5 ‘! 3 47 329 317
4.9 321 345 415 5 4 53 ‘ 553 5 40 522 & 4 4 45 424 4 9 3 51 333 321
4 30 | 326 3 50 420 59 539 | 558 545 527 59 4 50 429 414 3 56 3 38 3 26
5 0 3 32 3 56 4 26 515 545 \‘ 6 4 3 51 5 33 515 4 56 4 35 ‘ 4 20 4 2 3 4 3R
5 30 3 41 4 5 435 524 554 | 613 6 0 542 524 55 } 4 44 [ 429 ‘ 411 353 341
g0 3 52 416 4 46 53 6 5 | 624 611 5 53 535 5 16 4 55 440 | 422 4 4 3 52
6 30 4 1 425 4 55 5 44 614 | 633 6 20 6 2 5 44 5% 5 4 ) 4 49 4 31 413 4 1
7,-0 4 8 432 5 2 5 51 621 | 640 6 27 6 9 5 51 532 511 | 456 4 38 420 4 8
7 30 415 4 39 59 5 58 6 28 6 47 6 34 6 16 5 58 539 l 518 ' 5 3 ‘ 4 45 4 27 415
320 418 442 512 il 6 31 6 50 6 37 619 I 542 [ 52l | 5 6 | 448 4 30 418
8 30 419 443 513 6 2 632 | 651 | 638 | 620 | 6 2 [ 543 | 522 | 57 | 449 | am 419
9 0 418 4 42 512 6 1 6 31 6 50 6 37 6 19 ¢ 1 542 J 521 ‘ 5 6 ! 4 48 4 30 418
9 30 415 439 59 5 58 6 28 6 47 6 34 6 16 5 58 539 ‘ 518 53| 44 497 415
10 0 410 434 5 553 6 23 6 42 629 6 11 5 53 53 | 513 158 | 440 422 410
10 30 4 6 4 30 50 549 6 19 | 6 38 6 25 8.7 549 530 j 59 } 4 54 4 36 418 4 6
AT 4 0 424 4 4 543 613 | 632 6 19 6 1 543 5 21 5 3 4 48 4 30 412 4 0
11 30 3 54 418 4 48 537 6 7 ) 628 613 5 55 5 37 518 4571442 424 4 6 3 54
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If we disregard the daily inequality, the column headed San Francisco in Table II would
give us, as in the examples on the Atlantic coast, the means of determining the time of high
water.

Example V.—Required the time of high water at North Beach, San Francisco, Cal., on the
Tth of February, 1853.

1st. The time of the moon’s transit at Greenwich, from the Nautical Almanac, is 11%. 41m.;
the longitude of San Francisco 84. 10m., requiring a correction of 16m. to the time of transit
for San Francisco, which is thus found to be 114. 5Tm.

9d. The moon’s declination is south, and at the time of transit about two days after the
greatest. Entering Table IV, we find 12h. (or Ok.) of transit, the nearest number to 114. 5Tm.
which the table gives; and following the line horizontally, until we come to two days after the
greatest declination, we find 13/. 14m.

To 11%. 5Tm., time of transit of the moon, February T, San Francisco, add 13k. 14m., from
column 0%., transit, and two days after greatest declination; the sum, 254. 11m, or 1k. 11m.,
February 8, is the time of high water, corresponding to the transit which we took of February 1.
If we desire the tide of February T we must go back to the moon’s transit of the 6th. The
example was purposely assumed to show this case.

11%. 01m., time of transit February 6, 1853.
13 31  number for 114, transit, and one day from greatest declination.

Sum 24 32  time of high water 0% 32m. a. m. February T.

The height of high water.—The height of high water is obtained in a similar manner by the
use of Table VI and Table VII, entering these in the same way with the time of transit and
days from the greatest declinaticn. Table VI is for south declination, and Table V1I for north.

TABLE VI.—KEY WEST.

; SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

e

- é_ Before— After—

) = Tl

E 9 6 5 4 3 2 1 0 1 2 3 4 5 6 7

Hour. | Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet.
0 1.5 1.6 1.8 19 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.5
1 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.5
2 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 4 1.5
3 1.4 1.5 i 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 17 1.6 1.4
4 1.3 1.4 1.6 1.7 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.7 16 1.5 1.3
5 1.2 1.3 1.5 1.6 b 4 1.7 1.7 1.7 14 1.7 1.7 1.6 1.5 1.4 1.2
6 1.1 1.2 14 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 1.1
7 8 | 1.2 1.4 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 11
8 1.2 1.3 1.5 1.6 107 1.7 L ) B Y 1.7 1.7 1.6 1.5 1.4 1.2
9 1.3 1.4 16 1.7 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1% 1.6 1.5 1.3
10 1.4 1.5 1.7 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.7 1.6 1.4
11 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2,0 2.0 2.0 1.9 1.8 5 1.5




THE UNITED STATES COAST

TABLE VII —KEY WEST.

SURVEY—1860.

'g " NORTH DECLINATION.— DAYS FROM MOON’S GREATEST DECLINATION.

o

(=] | =

: Z. | Before— After—

SR

- a s

8 ‘ 7 ‘ ¢ | 3 ‘ 4 3 2 1 0 1 2 3 4 ’ 5 ‘ 6 7

= |

| i - ‘

Hour. | Feet. Feet. Feet. Feet, Feet. Feet. Feet. Feet. Feet Feel., Fect. Feet. Feet. Feet Feet.
0 Yt 1.6 1.4 55 1.2 1.1 1.0 1.0 1.1 1.d 1.2 1.3 1.4 1.6 1.8
1 1y 1.6 1% | s 1.2 1G] 1.0 1.0 1.1 1.1 12 1.3 14 | 1.6 1.8
2 1.7 o P 1.2 1.1 e G 1.1 1.1 1.2 1.3 1.4 1.6 1.8
3 1.6 l 1.5 \ 1.3 ' 1.2 1.1 1.0 0.9 | 0.9 1.0 1.0 5 | 1.2 1.8 1.5 -
4. | Aasfnan | A 1.1 1.0 0.9 0.8 1 0.8 0.9 0.9 1.0 1.1 1.2 1.4 1.6
& |t 13 ‘ 1.1 | 1.0 0.9 0.8 0.7 0.7 0.8 0.8 0.9 1.0 1.1 1.3 1.5
6 1.3 L2 | Lo } 0.9 0.8 0.7 0.6 0.6 0.7 0.7 0.8 0.9 1.0 1.2 1.4
7 1.3 1.2 10 0.9 08 0.7 0.6 | 0.6 0.7 0.7 0.8 0.9 1.0 1.2 1.4
8 1.4 1.3 i 10 | 09 0.8 ofe | 2 0R 0.8 0.8 0.9 1.0 1.1 1.3 1.5
9 T ‘ T T T ' 0.9 0.8 \ 0.8 0.9 0.9 (R o AR e T S T T
10 16 ol T 1.1 1.0 0.9 | 0.9 1.0 10 1 13 8 1.5 1.7
11 ‘ 17 ’ 1.6 1.4 ‘ 13| 3% U § ‘ 1.0 | 1.0 30 1:1 1.2 1.3 1.4 1.6 1.8

| | | el SR SRR, |ty /5 iy Pt |V agy
TABLE VI.—SAN DIEGO.

_U17 I FLE L, ¥ . ST i Ty TR WY T i v Dkl 3 2 - : . %

’é SOUTH DECLINATION.—DAYS FROM MOON'S GREATEST DECLINATION.

1=}

E o —

o ‘ After—

o g Before--

< o — =3

.E 7 1 6 ‘ 5 ‘ ” ' 3 1 9 1 0 1 2 \ 3 ‘ 4 ‘ 5 6 7

| |
| ~ , o
Hour. Feet. | Feet. ‘ Feet. Feet. ! Feet. ’ Feet Feet. Feet Feet. Feet. Feet. :e{. F::e; ]'-eef'.. I'ree;.
0 o) 4.3 4.2 4.1 | 4.1 4.1 4,1 4.2 4.3 4.5 4.8 5. 5.5 5.
‘ = =
46 | 4.4 4.2 4.1 4.0 4.0 4.0 4.0 4.1 4.2 44 | 47 | 5.0 5.4 5.7
2 44 | 4.2 ‘ 4.0 3.9 38 3.8 3.8 3.8 3.9 4.0 4.2 ‘ 4.5 | 4.8 5.2 5.5
3 R ol B9 | B& | 36 3.5 3.5 3.5 3.5 56 .|k B 3.9 | 42 4.5 4.9 5.2
4 3.8 ‘ 3.6 ‘ 3.4 | 33 ‘ S s grot |- ‘elg ™} 1g.8 e 86~ 89 |42 4.6 4.9
| -
5 36 | 3.4 32 | 81| 30| 3.0 3.0 ‘ S5 [ 43l 32 | 3.4 , 3.7 ‘ 4.0 4.4 4.7
6 36 | 3.4 ‘ 3R | By | %e 3.0 3.0 ‘I T (5 3.2 3.4 3.7 | 40 4.4 4.7
7 3 35 | 33 | 32| 31| 31 gar | ' *a3 | 33 3.5 3.8 | 41 4.5 4.8
8 3.8 | 36 3.4 | 3.3 3% | 89 88 | 38 } si3 Jran 4 3.6 ‘ 3.9 4.2 ‘ 4.6 4.9
9 4.4 | 42 40 | 3.9 ’ 3.8 | 38 3.8 38 | .00 k330 4.2 4.5 48 | 5.2 5.5
10 47 | a5 | 43| 42 | a1 41 41 £4. 1 e T]b A4S 45 | 48| 51| 55| 58
| | | 3 - | 5
11 4.8 ‘ 4.6 | 4.4 | 4.3 \ 4.2 ‘ 1.2 42 9 ¢ Biz J‘ 4.4 4.6 ‘ 4.9 | 5.2 ‘ 5.6 | 5.9
|
TABLE VII.—SAN DIEGO.

e bl o o

= NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

g SRR,

£ < o — — ra— — == & e

= é Before— ‘ After-—
= |

g~ = ‘ 1 o i ‘

E i 6 5 4 3 2 1 0 [ W V| i s s | 7

| ‘
‘ \

Hour Feet. Feet. Feet. Feet. Feet. | Feet. “eet. Feet., | Feet Feet. Feet. Feet. | Feet. Feet. Feel.
0 5.7 5.9 1 6.2 6.3 6.3 6.3 63 | 62 6.1 5.9 56 | 5.3 4.9 4.6
1 5.6 58 | 6.0 ‘ 6.1 6.2 6.2 6.2 62 | 6.1 | 6.0 5.8 5.5 ‘ 5.2 48 4.5
2 5.4 56 | 58 | 59 6.0 6.0 6.0 60 | 5.9 .| &8 56 53 5.0 4.6 4.3
3 5.1 T e T 5.7 5.7 57 oo 87 | &8 ] 156 5.3 5.0 4.7 43 | 4.0
4 4.8 5.0 | 532 5.3 5.4 5.4 5.4 5t | 53 1 2 5.0 4.7 l 4.4 4.0 3.7
5 | a6 | 3.8 ‘ 5.0 ‘ 51| 52| 52 5.2 52 | 5.1 ! 50 | 48 45 | 48| ‘88 | 56
6 4.6 48 | 5.0 5.1 52 52 52 53 | B4 5.0 48 4.5 4.2 3.8 85
7 4.7 49 5.1 5.2 5.3 5.3 5.3 53 | 5.2 51 | 4.9 4.6 ' 4.3 3.9 3.6
8 48 5.0 5.2 ‘ 5.3 5.4 5.4 5.4 5.4 5.3 ‘ 52 | 5.0 4.7 4.4 4.0 3.7
9 5.4 5.6 5.8 5.9 6.0 6.0 6.0 6.0 ’ 59 | 5.8 56 53 | 5.0 4.6 4.3
10 5.7 5.9 6.1 6.2 6.3 6.3 6.3 6.3 6.2 | 6.1 ‘ 5.9 56 | 5.3 49 | 4.6
11 5.8 6.0 ; 62 } 6.3 6.4 6.4 6.4 6.4 ‘ 63 | 62 | 6.0 5.7 ‘ 5.4 5.0 4.7
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TABLE VI.—SAN FRANCISCO.

é SOUTH DECLINATION —DAYS FROM MOON’S GREATEST DE{‘I.XNAT[ON.
g_ -
z.f Before— After—
° E = A .
g 7 6 5 4 ‘ 3 ‘ P) 1 0 1 2 3 4 5 6 7
|
Hour. | [Feet. Feet Feet. Feet. “ Feet. | Feet. | Feet. Feet. Feet. Feet. Feet. Feet. Feet. eet. Feet.
0 4.8 4.7 45 4,3 1.3 I 42 4.3 4.3 4.4 4.5 4.7 4.8 50 5.3 5.5
1 4.7 486 4.4 4.2 4.2 4.1 4.2 4.2 4.3 4.4 1.6 4.7 4.9 5.2 5.4
2 ‘ 4.6 4.5 4.3 4.1 4.1 } 4.0 4.1 4.1 4.2 4.3 4.5 4.6 48 5.1 5.3
8 | ses 4.4 4.2 4.0 4.0 39 4.0 4.0 4.1 42 4.4 4.5 4.7 5.0 52
4 4.3 4.2 4.0 38 38 ‘ 3.7 3.8 3.8 3.9 4.0 4.2 4.3 4.5 4.8 5.0
5 ‘ 4.1 40 3.8 3.6 3.6 ‘ 3.5 3.6 36 3.7 38 4.0 41 4.3 4.6 4.8
g | a4l 4.0 3.8 3.6 38 | 35 3.6 36 357 38 4.0 4.1 43 4.6 4.8
¥ | a2 4.1 3.9 3.7 7 ‘ 3.6 3.7 37 3.8 3.9 4.1 4.2 4.4 47 1.9
8 | 4.4 4.3 4.1 3.9 3.9 3.8 39 3.9 4.0 4.1 4.3 4.4 4.6 4.9 5.1
9 ‘ 4.5 44 42 4.0 40 | 3.9 4.0 40 4.1 4.2 4.4 4.5 4,7 5.0 5.2
! 0| ;47 4.6 4.4 4.2 4.2 4.1 4.2 4.2 43 4.4 4.6 4.7 4.9 5.2 5.4
n | 48 4.7 ' 4.5 4.3 }’ 4.3 \ 4.2 4.3 43 4.4 4.5 4.7 4.8 5.0 5.3 5.5
TABLE VIIL.—SAN FRANCISCO.
»;'; ‘ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
g . e
- g ‘ Before— After—
L b Sy i
'_E 1 7 ‘ 6 ‘ 5 4 3 2 1 o 2 3 4 ' 5 6 7
1 1
a ‘ \ :
! Hour. Feet ‘ Fret. Feet, ‘ Feet. Feet, ‘ Feet. ‘eet. Feet. Fect. Fect Feet, Feet. Feet. Fect. Feel,
o | 184 FasS 5.7 5.9 5.9 6.0 5.9 5.9 58 57 5.5 5.4 5.2 1.9 4.7
e (B 5.4 5.6 ’ 5.8 5.8 5.9 5.8 5.8 5.7 5.6 5.4 5.3 5.1 4.8 4.6
g | w52 53 | 55 b 57 5.7 5.8 5.7 5.7 5.6 5. 5.3 5.2 5.0 4.7 4.5
3 51 58 | 54| 56 56 5.7 5.6 5.6 5.5 5.4 5.2 5.1 4.9 4.6 4.4
% 1 A49 5.0 52 | 5.4 5.4 5.5 5.4 5.4 5.3 5.2 5.0 ‘ 4.9 4.7 44 4.2
‘ 5 J 4.7 4.8 5.0 | 52 5.2 5.3 5.2 52 51 50 48 | 4.7 4.5 4.2 4.0
; 6 &% BB ES 50 “ 5.2 5.2 5.3 5.2 5.1 5.0 4.8 i 4.7 | 45 4.2 4.0
' 7 4.8 4.9 5.1 5.3 53 | 5.4 5.3 5, 52 5.1 49 | 4.8 | 4.6 4.3 4.1
| 8 I R 530 5.5 5.5 ‘ 5.6 5.5 5. 5.4 53 5.1 ‘ 5.0 4.8 45 4.3
! 9 5.1 5.2 5.4 ‘ 5.6 5.6 5.7 5.6 5 5.5 54 5.2 5.1 ‘ 4.9 4.6 44
, 10 5.3 5.4 /| 56 | 58 58 | 59 5.8 5 5.7 58 | 54 5.3 5:1 4.8 4.6
11 ‘ 5.4 5.5 | 5.7 59 ’ 5.9 ‘ 6.0 59 5 5.8 5.7 | 5.5 5.4 ' 5.2 4.9 1.7
TABLE VI —ASTORIA.
{ B ARG g g R S e 5 e e R e e g
“ 2 ’ SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
> | iy s R S e
5 Before— 1 J After—
5 " Y 1 !
_E, - 6 5 4 | 3 2 1 0 ‘ ! 2 2 4 | 6 7
| =
Hour. Feet, Feet. Fect. | Feet Feet. Feet. Feet, | Feet. Feet Feet. Feet, Feet. Feet. Feet. Feet.
0 8.0 8.3 8.4 8.5 8.6 8.6 8.6 8.6 ‘ 8.5 8.4 8.3 8.1 4.3 7.4 7.0
1 8.0 8.2 8.4 8.5 8.6 8.6 8.6 ‘ 86 | 85 8.4 8.2 8.1 7.7 T4 7.0
2 ‘ 7,8 By 8.2 8 4 8.4 8.4 8.4 8.4 ‘ 8.3 ‘ 8.2 8.1 7.9 7.5 7.2 6.8
3 [ 2%5 7.8 7.9 8.1 8. 8.1 8L | 81 | 80 7.9 7.8 7.6 7.2 6.9 6.5
‘ 4 1zl 7.6 75 7.7 7.7 R 7 | el 7.5 7.4 7.2 6.8 6.5 6.1
! 5 | uBi 7.0 s 73 |7 | %s | 73| 73 ‘ 7.2 7.1 7004 B8 IEds b B 5T
: 6 | 65 6.8 70 . 71 21 Nl %l ’ 7.1 7.0 6.9 6.8 | 6@l g8 | 58| 55
] z | .87 7.0 e 7.2 7.3 7.3 TR T 7.2 7.1 70 6.8 6.4 61 53
& | «Z0%lenna 7.5 7.6 7.6 7.6 o] e [ S ) T 7.3 T 6.8 6.4 6.0
g | wEs ‘ 7.8 ‘ 8.0 8.1 8.1 | 84 Bl | adhe-| S0l |l 7.8 7.6 7.3 69 6.5
10 7.9 8.2 B4 gfo 88| 185 8.5 8.5 | 185 8.4 8.3 82 | 8.0 7.7 7.3 6.9
' w | 81 | 84 | 88| 87 i 8.7 \ 87 | 87| 87 8.6 85 | 84 | 82| 7.9 ! 25 | 71
| ‘
|
' o
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TABLE VII.—ASTORIA.

STATES COAST SURVEY—1860.

; ‘ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

81,4 h
~.:_ l Before— | After—

‘. 7 1 8 Ul s iy 3 ‘ 2 ‘ 1 l 07 4] (IR 2 3 4 5 6 7
i 0 L ekl ; | st ¥ !

Hour. | Feet. Feet. Feet. Feet Feet, | Feet, | Feet eet. Feet. Feet. Feet. | Feet. | Feet. Feet, Feet.
0 Fog ety 69 | 6.8 6.8 6.8 | 6.8 6.8 6.9 7.0 e 3 ) 7.6 8.0 8.4
1 7.4 9.1, s 83 ‘ 68 68 | 6.8 6.8 6.8 ‘ 6.9 7.0 Tl 7.3 7.6 8.0 8 4
2 7.2 6.9 6.8 6.6 6.6 6.6 6.6 | 66 6.7 ’ 6.8 6.9 7.1 7.5 7.8 8.2
3 6.9 6.6 6.5 6.3 6.3 a3 63 |l 63 6.4 6.5 6.6 | 6.8 7.2 75 | 7.9
4 | 6.5 ‘ 6.2 | 6.1 ‘ 5.9 5.9 } 5.9 5.9 | 5.9 } 6.0 6.1 6.2 6.4 6.7 7i | s
5 6.1 5.9 5.7 5.6 5.5 5.5 5.6 L 5.7 59 | 6.0 6.4 6.7 ‘ =y
6.1 5D 57 5.5 5.4 53 5,94 5.3 54 | 5.5 5.5 5.7 1 5.9 6.2 65 1.6:0
7 6.1 5.8 5.6 ‘ 5.5 5.5 55 | 55| 85 5.6 5.7 5.8 6.0 6.3 6.7 71
8 6.4 J 6.2 6.0 5.9 5.8 ‘ 5.8 ‘ 58 | 5.8 ’ 59 | 6.0 6.2 6.3 6.7 7.0 | 7.4
9 69 | 6.7 6.5 | 64| 63| 63| 6.3 6.4 6.4 | 6.5 67 | a8 | za| 75 ‘ 7.9
(N T 6.9 6.8 8.7 | eyl B 6.8 69 | 6.9 7.0 7.2 7.6 7.9 | 83
11 ‘ 75 | 7.2 J 7.1 } 7.0 | 6.9 ; 6.9 | 6.9 ‘ 6.9 ‘ 7.0 } s 12| 74| 78| &1 | 85

TABLE VIL—PORT TOWNSHEND.

-Z ' NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

g S
ol )

5 é Before— After—

i — T =
E 7 j 6 5 4 3 ’ 2 1 (il 1 2 ’ 3 y Nis : 6 : 7

{ e =t

Hour Feet. ‘ Feet. Feet. Feet. Feet. ‘ Feel. Feet. Feet. Feet. Feet. ‘ Feet Feet. ‘ Feet. ‘ Feet Feet,
0 66 6.3 5.9 6.1 6.4 6.9 7.2 7.4 7.5 7.5 7.5 7.5 0] ey 7.9
1 6.7 | 6.4 6.0 3.2 6.5 7.0 7.3 7.5 7.6 7.6 | 7.8 7.6 | 7.7 2 I
2 6.6 ’ 6.3 5.9 6.1 6.4 6.9 7.2 7.4 7.5 7.5 | 7.5 1.5 | 7.6 pJ i A
3 63 | 60 5.6 5.8 6.1 6.6 | 6.9 7.1 7.2 7.2 | 12 7.4 7.3 | 7.4 [ 7.6
4 6.0 5.7 5.3 5.5 5.8 6.3 6.6 6.8 6.9 6.9 | 6.9 ’ 6.9 7.0 7.1 ‘ 7.2
5 5.9 ' 5.6 5.2 5.4 5.7 6.2 6.5 6.7 6.8 6.8 ‘ 4.8 | 8.8 6.9 | 7.0 7.2
6 6.1 5.8 5.4 5.6 5.9 6.4 6.7 6.9 7.0 ‘ 7.0 | 7.0 7.0 | 7 ’ 7.2 ‘ 7.4
7 6.4 6.1 5.7 5.9 6.2 6.7 7.0 7.2 3 | 7.3 7.3 7.3 | %4 | 7.5 | 7.7
8 6.5 6.2 5.8 6.0 6.3 6.8 7.1 (i - ) [ 7.4 7.4 | 7.5 ‘ 7.6 | 7.8
9 6.5 6.2 5.8 6.0 6.3 6.8 7.1 3 7.4 ’ 7.4 ‘ 7.4 g ' 7.6 | 7.8
10 6.6 ' 6.3 5.9 6.1 6.4 6.8 | 7.2 7.4 2 Ty W % 8 O R | R 1 AL 8 R e R
11 8.6 68 5.9 6.1 6.4 6.9 | 7.2 7.4 ' 7.5 ‘! T e ¢t : 7.5 ‘ 7.6 7.7 ‘ 7.9

TABLE VII.—PORT TOWNSHEND.

2 A T O e 5 B
g SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

By - A e ok

w g Before—- [ | After—

3 |- -| [ L femeriy |- sdenemn | B
L 7 6 5 4 3 2 * T | T | W I P 3 ' K L S 7

=

| | L [ S

Hour Feet Feet. Feet, | Feet Feet. | Feet. | Feet. Feet Feet Fect. Feet. I Feet. ‘ Feet. | Feet. Feet.
0 7.6 7.9 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 Bt 8T 6.6 6.5 6.3
1 7.7 8.0 8.4 8.2 7.9 7.4 7.1 6.9 6.8 6.8 6.8 | 6.8 ‘ 6.7 66 6.4
] 7.6 7.9 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 | 66 | 6.5 6.3
3 s 7.6 8.0 7.8 7.5 7.0 6.7 ‘ 6.5 6.4 6.4 64 | 6.4 | 6.3 ’ 6.2 6.0
4 70 | 7.3 7.7 7.5 7.2 6.7 | 6.4 ’ 6.2 6.1 6.1 6.1 ’ 6.1 6.0 | 5.9 5.7
5 89 | (7.9 7.6 7.4 7.1 6.6 6.3 6.1 6.0 6.0 6.0 6.0 5.9 5.8 5.6
6 i | 7.4 7.8 7.6 7.3 6.8 6.5 6.3 6.2 6.2 6.2 | 6.2 | 6.1 6.0 5.8
7 7.4 7.7 8.1 7.9 7.6 7.1 6.8 6.6 6.5 6.5 6.5 ’ 6.5 | 6.4 6.3 6.1
8 7.5 7.8 8.2 8.0 7.7 7.2 | 6.9 6.7 66 | 6.6 6.6 6.6 | 6.5 6.4 6.2
9 7.5 7.8 8.2 8.0 i 7.2 | 6.9 6.7 6.6 | 6.6 6.6 6.6 6.5 | 6.4 6.2
10 7.6 7.9 83 | 81| .78 | ns ’ 7.0 6.8 6.7 6.7 67 | 67 | 66 | 65 | 6.3
11 7.8 7.9 8.3 8.1 7.8 7.3 ‘ 7.0 6.8 6.7 6.7 6.7 6.7 6.6 | 6.5 6.3

|

|
|
|

NoTe.—T0 use these tables with a chart on which the soundings are referred to mean low water, subtract 1.2 foot from the numbers in the tables
from San Diego to Astoria, 1.7 foot fur Nee-ah barbor, 2.3 for Port Townshend, and 2.7 for Semiahmoao and Steilacoom.
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Example VI.—In Example V, to obtain the height of tide on February 7, the declination
being south, we enter Table VI for San Francisco, with 04. of transit, and two days after
greatest declination, and find that the tide will be 4.5 feet above the mean of the lowest low
water, or that 4.5 feet are to be added to the soundings of a chart reduced to the mean of the
lowest low waters of each day. If the soundings of the chart are given for mean low water,
then 1.2 feet ought to be subtracted from the Tables VI and VII; thus, in this example, it
would be 3.3 feet.

The approximate time of the successive low and high waters of the day will be found by
adding the numbers in Table VIII to the time of the first high water already determined. The
table gives the numbers for the different days from the greatest declination.

Tables containing numb.rs lo be added to the time of high waler found from Tables IV and V, to obtain the successive high and low waters.

TABLE VIII.—KEY WEST.

% g z g
g8 SOUTH DECLINATION. NORTH DECLINATION. g€ S
B2 -
© ©
: el 3 Low water. | High water. | Low water. | Low water. | High water. | Low water, % &
Es (Large.) (Small ) (Small.) (Small.) (Large.) (Large.) e
S a8
h. m. h. m. h. m. h. m. h. m. h. m.
i 5 2 12 10 17 38 5 36 12 33 17 46 7
6 5 42 12 31 17 40 5 18 13 18 17 50 6
3 5 6 05 12 55 17 41 4 58 12 03 17 56 5 .‘,_;
'1.9,' 4 6 24 13 17 17 44 4 35 11 44 17 59 4 > '13
| | . = 3 6 39 13 28 17 39 4 11 1118 17 58 3 =
| 2 7 02 13 52 17 40 3 50 10 58 17 58 2
" : 1 713 14 01 17 39 3 39 10 46 17 56 1
0 7 18 14 10 17 42 3 37 10 46 17 59 0
1 7 12 14 10 17 48 3 4 10 46 17 52 !
2 6 57 13 58 17 51 3 57 10 54 17 47 2
! - 3 6 39 13 41 17 53 4 21 11 19 17 48 3 &
: g 2 4 6 15 13 18 17 53 4 43 11 38 17 45 4 2
st S |5 5 57 12 59 17 53 5 09 12 03 17 44 51 <
i 6 5 32 12 36 17 54 5 2 12 2 17 46 6
l L7 5 13 12 16 17 53 5 40 12 36 17 46 73
TABLE VIII.—SAN DIEGO.
o v L .
= £ =2 8
23 SOUTH DECLINATION. NORTH DECLINATION. 5
B g EZ
o o
3 i 2 § Low water. | High water. | Low water. | Low water. | High water. | Low water. 2 3
| I E_ g (Small.) (Large.) (Large.) (Large.) (Small.) (Small.) 5 §
| Q -
{ =S
‘w he m. h. m. h. m. he m. h. m. h. m.
E 7 5 4 12 28 18 44 6 16 12 16 18 00 7
6 5 18 11 58 18 40 6 42 12 46 18 04 6
K 5 5 00 11 34 18 34 7 00 13 10 18 10 5 S
S14 4 47 1 12 18 25 7 13 13 32 18 19 alé
= 3 4 34 10 54 18 20 7 26 13 50 18 24 3 =
2 4 24 10 38 18 14 7 36 14 06 18 30 2
| 1 e R 10 28 18 11 7 43 14 16 18 33 1
: 0 4 12 10 20 18 08 7 48 14 24 18 36 0
{1 4 14 10 20 18 06 7 46 14 24 18 38 2
i 2 4 21 10 28 18 04 7 36 14 16 18 40 2
3 ol 4 38 10 40 18 02 7 2 14 04 18 42 2 [
] &4 4 5 01 10 58 17 57 6 59 13 46 18 47 4 4 8
: <is 5 95 1 18 17 53 6 35 13 26 18 51 iy
1 6 5 49 11 4 7 55 L b | 13 00 18 49 6
7 6 00 5 26 74

.

’ 18 12 18 18 42 12 18 44
|

!
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UNITED STATES COAST SURVEY—1860.

TABLE VIIL.—SAN FRANCISCO.

2 ol %
g § SOUTH DECLINATION. NORTH DECLINATION. § g
BS RS
&3 3
o= e
< ;”: Low water. | High water. | Low water. | Low water. | High water. | Low water. . =
B f (Small.) (Large.) (Large.) (Large.) (Small.) (Small.) ZE
a & E®
h. m. h. m. h. m. h. m. L i . m.
7 5 58 13 14 18 58 5 4 11 46 17 44 71
6 5 36 12 42 18 48 6 06 12 18 17 54 6
s 15 5 14 12 10 18 38 6 28 12 50 18 04 5| g
S {4 4 55 11 34 18 21 6 47 13 26 18 21 4t g
& |3 4 3 11 00 18 05 7 05 14 00 18 37 3| R
2 4 24 10 34 17 52 4 -] 14 26 18 50 3
1 4 12 10 06 17 36 7 30 14 54 19 06 1
0 4 12 10 00 7 30 7 30 15 00 19 12 0
1 4 17 10 02 T+ 5 7 2 14 58 19 15 1
2 4 27 10 12 17 27 7 15 14 48 19 15 2
. 3 4 41 10 26 17 27 7 01 14 34 19 15 3 =
2 4 4 56 10 46 17 32 6 46 14 14 19 10 4 &
o 5 14 11 10 17 38 6 28 13 50 19 04 51 %
6 5 36 11 36 17 42 6 06 13 24 19 00 6
7 5 57 12 04 17 49 5 45 12 56 18 53 7
TABLE VIII.—ASTORIA.
e & .
= 8 = E
=5 SOUTH DECLINATION. NORTH DECLINATION. 8 =
© e
2§ g Low water. | High water. | Low water. | Low water. | High water. Low water. e §
I (Small ) (Large.) (Large.) (Large.) (Small.) (Small.) 2E
g & =
h. m, h. m h. m h. m. h. m. l h. m
7 6 38 12 59 19 17 6 18 12 03 18 41 7
6 6 14 12 33 19 15 6 42 12 29 18 43 6
K. 5 5 5 12 13 19 14 7 01 12 49 18 44 5 S
s:?; 4 5 34 11 47 19 09 v 8 13 15 18 49 4 g
= 3 5 2 11 87 19 03 7 36 13 35 18 55 3 /s
2 5 09 11 07 18 54 7 47 13 55 19 04 2
1 5 05 11 01 18 52 ¥ 8L 14 01 19 06 1
0 5 03 10 53 18 46 7 53 14 09 19 12 0
1 5 05 10 51 18 42 7 51 14 11 19 16 1
2 5 11 10 55 18 40 7 45 14 07 19 18 2
= 3 5 18 11 03 18 41 7 38 13 59 19 17 3 -
&4 4 5 32 11 15 18 39 7 24 13 47 19 19 4} 8
e [ 5 50 11 35 18 41 7 06 13 27 19 17 3 e
6 6 11 11 55 18 40 6 45 13 07 19 18 6
7 6 35 2 19 18 40 6 21 12 43 19 18 7 )

29
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TABLE VIII.—PORT TOWNSHEND.

24 | £ 3
'g— —f ! SOUTH DECLINATION. NORTH DECLINATION. § %
E2 E 3
e . . wes
BES Low water, | High water. | Low water. | Low water. | High water. | Low water. <)
5 - é -
; k. m. h. m h. m. h. m. h. m h. m.
7 6 05 12 26 18 05 5 39 12 26 18 31 Tigd
6 e, B 13 14 18 20 5 06 11 38 18 16 6
e 7 18 14 14 18 40 4 9 10 38 17 56 i
§<4 8 13 15 52 19 23 3 31 9 03 1913 4%
=] 3 8 36 16 52 20 00 3 08 8 00 16 36 3 -]
2 8 43 17 30 20 31 3o 7 22 16 05 2
1 8 12 17 04 20 36 3 3 7 48 16 00 1
0 7 40 16 28 2 32 4 04 8 24 16 04 0
e 7 18 15 52 20 18 4 2 9 16 18 T
2 6 59 15 14 19 59 4 45 9 38 16 37 2
I 6 38 14 3 19 38 5 06 10 20 16 58 Billy .
& Iy 6 24 14 02 19 2 5 20 10 50 17 14 44 8
it 6 10 13 2 19 00 5 34 11 26 17 36 51 1%
6 5 59 12 50 18 35 5 45 12 02 18 01 6
7 5 42 12 26 18 28 6 02 12 26 18 08 79

The days from the greatest declination are written in the first and last columns of the table.
The second, third, and fourth columns refer to south declination, and fifth, sixth, and seventh
to north, and the reverse for Key West. The second column gives the number which is to be
added, according to the declination, to the time of high water, obtained by means of Tables IV
and V, to give the next low water, which is the small low water, b, of diagram I. The third
contains the numbers to be added to the same to give the second or large high water, ¢, of dia-
gram I. The fourth, the numbers to be added to the same to give the second or large low
water, d, of diagram I. The succeeding columns give the numbers to be used in the same
way for north declination to obtain the low water, b, (large,) of diagram II ; the high water, ¢,
(small,) and the low water, d, (small,) of the same diagram. The rise and fall of the same
successive tides may be obtained by inspection from Table IX, in which the first column at the
side contains the time of transit, and the successive columns the numbers corresponding to that
time, and to the number of days from greatest declination. The arrangement of this table is
like that already given.

The numbers for the small ebb tide, a b, of diagram I, or ¢ d, of diagram II, are first given ;
then those for small low and large high waters, b ¢, for diagram I, and d e, of diagram IT ; next,
the large ebb tide, ¢ d, of diagram I, or a b, of diagram II; and lastly, from the large low water

to the small high water, d e, of diagram I, or b ¢, of diagram II.
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TABLE IX —KEY WEST.

31

’ SMALL LOW TO LARGE HIGH WATER.

E- SMALL EBB TIDE.
5
3 - | §
; i Days from moon’s greatest declination. ' Days from moon’s greatest declination. Z
2 M . 4 g
= Before— After— | Before— | After— g
) 3 | [ =
2 T 1 \ Il i | ¥ s|a|3|2] 3 L d bl
B 78] is i ian [ ant ae] @ 1234316 7(7|6(5 ‘..‘1 0 1-13'4‘,0 6|75
& s ‘_______‘__lh‘—v——ﬁ‘—-——7‘~—'_;
e s i S O — | |
H | Ft| Ft.| Fi Fz‘ Fi.| Ft.| Ft| Ft | Ft| Ft| Ft.| Ft,.! th Ft.| Ft. Fz.' Ft.| F1.| Ft.| Ft| Fi.| Ft| Ft. ‘ F1.| Fl. Fi.| Ft.| Ft| Ft Ft[l{.
0| 1.6 1.4/ 1.1/ 1.0/ 0.8 0.7/ 0.3 0.7 | 0.7 0.8] 0.9| 1.1] 1.2) 1.5| 1.8 1.4 1.4/ 1.5 1.6/ 1.6 1.7| 1.7| 1.7 | 1.7) 1.6/ 1.7| 1.7 1.6/ 1.5 1.4| o
1|16 1.4/ 1.1 1.0/ 0.8 0.7/ 0.7 0.7 | 0.7/ 0.8 0,9‘1.1}1.911.5 1.8 1.4| 1.4/ 1.5 1.6/ 1.6 1.7/ 1.7 1.7 | 1.7] 1.6 1.7 1.7 1.8 1.:.‘1.4i 1
2| 1.6 1.4 1.1 1.0 0.8 0.7] 0.7] 0.7 | 0.7 0.8 0 ql 1.1| 1.2 1.5 1.8 1.4] 1.4 1.5 1.§| 1-6‘ 1.9 1.9 1.7 | 1.7) 1.6/ 1.7| 1,7) 1.6/ 1.5 14) 2
2| 1.6/ 1.4/ 1.1/ 1.0 0.8 0.7/ 0.7 0. ‘ 4 ° ‘
3‘15‘1'41111100 0.7 06 0.6| 0.6/ 0.6 0.7 0,@‘1.011.1‘1.4 1.7 1.3 1.3‘1,4‘1.:)’15‘].6‘1.6 1.6 | 1.6/ 1.5 1.6/ 16| 1.5 L4 1.3 3
4|1.3 11\‘0#‘07 0.5/ 0.4 0.4] 0.4 0.4 0.5 0.6) 0.8 0.9 1.2 1.5 11| 1.1 1.2 1.3 1.3/ 1.4/ 1.4 1.4 | 1.4/ 1.3/ 1.4/ 1.4) 13 1.201.1 4
B el Dl o e b RS i e (e TS o : ol 1.2/ 1.2 1.2]1.2 813 ‘
5 ‘ 1.1/ 0.9 0.6 0.5 0 302 0.2 0.20.2 0.3 0.4 UG 0.7| 1.? 1: 0.9 g;’ (l)f:‘ 1(" :-‘1" ]~] 1'1 :.1 ‘ i;‘ i(') :"'\ :12 }(’) (1]2 0g 5
6| 1.0 0.8/ 0.5 0.4/ 0.2 0.1/ 0.1] 0.1{0.1/ 02 0.3 0.5 0.6/ 0.9/ 1.2 0.8 0.8 0.9 1.0} 1.0 1.1/ 1.1 1.1 | 1.1 1.0] 1.1/ 1.1/ 1.0/ 0 9/ 0.8| 6
S o i g e s e e e B i e R L 1.0/ 1.0/ 1.1/ 1.1} 1.1 [ 1.1/ 1.0 1.1/ 1.1/ 1.0/ 0.9 0.8 7
1 P o gl £XC00 i s b Wl et | 0.7l 3 0.9/09 1.0 1.1/1.1) 1.2/ 1.2 1.2/1.2 1.1 1.2/1.2 1.1 1.0/ 0.0
8!1.1 0.9 0.6 0.5 0.3/ 0.2/ 0.2/ 0.2 |0.2 0.3 0.4] 0.6/ 0.7/ 1.0 1..3‘0..‘0. ] i i e s b« g 8
9|13 1.1] 0.8/ 0.7 0.5 0.4/ 0.4 0.4 0.4 0.5 0.6/ 0.8 0.9 1.2 1.5 1.1/ 1.1} 1.2/ 1.3 o e o i s e o o g
10 | 1.5 1.3 1.0/ 0.9] 0.7/ 0.6{ 0.6| 0.6 | 0.6/ 0.7] 0.8 1.0 1.1] 1.4 L7 1.3 1.3 1.4/ 1.5 1.5/ 1.6 1.6 1.6 | 1.6 1.5 1.6 1.6/ 1.5 1.4 1.3| 10
11 J 1.6} 1.4(‘ L]l‘ 1.0 o.s} 0.7/ 0.7| 0.7 0.71 0.8 0.9/ 1.1 1.9) 1.5 1'8\ 1.4} 1.4} 1.5/ 1.6 Lﬁi 1.7 1.71 1% J 1.7{ 1.0‘ 1.71 1.7/ 1.6 1.5‘ 1.4 11
r \ ot | ‘
TABLE IX — KEY WEST—Continued.
:. LARGE EBB TIDE. | LARGE LOW TO SMALL HIGH WATER. ’ -i:
: 5, i E
= Days from moon’s greatest declination. ‘ Days from moon’s greatest declination. x
ot
£ Before— After— } Before— After— |,:
e | | ©
e ———er e e————————— S— 1 | @
E | e | 6| 5 | ? 1|e|3|4|5|6|7]|E
ﬁf765'4‘3:’31/0’]2345‘6w7‘7604d‘21 0 it s|6|7|8
|
e () Y [l 0 7 R 1 O (e T Y [ M G N B P T e R
| | | §
H. n’ 7| pe| P B B B R | R Ft! Ft| Ft| Ft| Fu| Pr| Ft| Fu| Fv| Ft| Fu| Fu| Ft| Fu.|Ft| Ft| Ft.| Fi| Ft. Ft:‘ Fu|H.
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TABLE IX.—SAN DIEGO.

|
SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER.

Days from moon’s greatest declination. Days from moon’s greatest declination.

Before— " After— Before— After—
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TABLE IX —SAN DIEGO—Continued.

LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER. FROM LARGE LOW WATER TO SMALL HIGH WATER.

Days from moon’s greatest declination. Days from moon’s greatest declination.
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TABLE IX.—SAN FRANCISCO.
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TABLE IX.—SAN FRANCISCO—Continued.
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Before—

Fromctnd . sesesecosnssnssns

From atobeceecssasanenss

v o

o

o

After—

=
=)

=
o =1
o o
o
=)

-3 O

4 -
4 4.5
.6 4.7
.0 5.1
.3 54
7 5.8

o
=]

o

5]

o

)

o

> s o =
9.9 =

W= 00w oW

IR )

e

O N O N N

©
[ ]

o

o
2
w

... Diagram

++.. Diagramn IL

FROM LARGE LOW WATER TO SMALL HIGH WATER.

Days from moon’s greatest declination.

1 3
2 3.
0] 3.3
73

92 d

1| 2.4
5/ 2.8 3 4.3 4
gl 3 ‘ 4.6“ 4
9| 3.5/ 3.8 3.9 4.4 4.7 5.0/ 5
4| 3.

me of moon’s transit.

3.

o ¢

WO W As A

LI

e

]
o o>

)

From dto €u.eeessssasssesscsrents

From b 10 Covesaveessrvensssseenas

saeas veesovessDingram

sesvsavseenssss Disgram T




I B FaN.

34

REPORT OF THE SUPERINTENDENT OF

TABLE IX.—ASTORIA.
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' Hours of moon’s transit.
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SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER.

FROM SMALL LOW WATER TO LARGE HIGH WATER.

Days from moon’s greatest declination.

Days from moon’s greatest declination.
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TABLE IX.—ASTORIA--Continued.

l Hours of moon’s transit,
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LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER.

FROM LARGE LOW WATER TO SMALL HIGH WATER.

Days from moon’s greatest declination.

Days from moon’s greatest declination.
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TABLE IX.—PORT TOWNSHEND.

',‘-i: l SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER. “;.
.': ‘ Days from moon’s greatest declination, Days from moon’s greatest declination. ,E
g At s g
': Before— ‘ After— Before— After— ;
g f— — - = s/ PR T A 4 B
é7(6‘54321‘01234567765439101%314;567_g
N D s i 5 bt S b e 8 il 7| SRR DR B I 4
Feet. | Fv.| Ft.| Fr.| F. ‘F, ‘n ‘n Fl.EFt. Ft.ln Ft.| Ft.| Ft.| Ft. n.}F. Fu.| Ft. ‘Ft FL.| Ft. JF: ‘n | Ft.| Ft n.in,
0| 4.5|5.66.9) 8.0 8.6/ 89) 8.5 88 8.7 8.7) 8.5 8 3 5.5/ 3.5/ 3.9 4.6 6.0/ 7.2 8.4 9.0/ 9.5/ 9. 6 9.4/ 9.2 8.7 8.2/ 7.9 7.1 0
1| 4.5|5.6/6.9]8. | 8.9| 8.8 8.8 8.7| 8.7| 8.5/ 8. | 5.5/ 3.5| 3.9| 4.6) 6. | 8.4| 9.0] 9.5 9.6/ 9.4/ 9.2 8.7/ 8.2/ 7.9/ 71| 1
2| 4.4 l 5.5] 6.8 7.9 8.5| 8.8 8.7| 8.7 5.6| 8.6| 8.4 7. | 5.4/ 3.4| 3.8 4.5/ 5. 8.9 8 ._)' 9.4 9.5 9.3 9.1] 8.6 8.1/ 7.8 7.0 2
3 4.1 | le 6.5 7. | 8.5 8.41 8.4 s,:«l 8.3 8‘1“ 7 2 5.1 3.1} 3.5 4.97 5.6 6.8 B.0| AG' 9.1/ 9. 2' 9.0/ 8.8 8.3 7.8 7.5/ 6 7| 3
4| 35| 4.6“ 5.9/ 7.6 7.9 7.8‘ 7.8 7.7 7.7 7..&\ 7 4.5 2. 36 5. 7.4i 8.0/ 8.5| 8.6, 8 4| 8.2 7.7 7.2| 6.9/ 6.1 4
5| 3.1 4.2]5:5 6. 7.5| 7.4/ 7.4| 7.3 7.3 7.1) 6.6| 4.1 2. | 4. 7.0 7.6 8 1‘ 8.2 s.o! 7.8/ 7.36.8 6.5/ 5.7 5
6| 31|49 5.5 6.8 7.5 7.4) 7.4] 7.3) 7.3 7.1] 6. 2 4.1] 2. | 4 7.0 7.6/ 8.1/ 8.2| 8 0/ 78 7.3 686557 6
7| 3.3 4.4 5.7 6. | 7.7| 7.6 7.6/ 7.5 7.5 7.3 6.8 4.3 2.3 2. 4. 7.2| 7.8 8.3] 8, ;1 8.2 8 0! 7.5 7.0/ 6.7 5.9 7
8l 3.5/ 4.6 5.9 7. 7.9] 7.8 7.8 7.7, 7.7 7 5| 7. 5| 4.5| 2.5( 2.9] 3.6] 5. 7.4 8.0 8.5 8.6] 8.4 8.2 7.7 7.9 6.9 6.1 8
9| 3.7|4.8 6.1 7.2 8.1/ 8.0, 8.0 7.su|1 7.9! 7.7 7.2| 4.7/ 2.7 3.1 J.E“ 5. 7.6 8.2/ 8.7/ 8.8/ 86 8 4‘ 7.9 7.4) 7.1 6.9 9
10| 4.1 i a.)‘ 6.5 7 8.5 8.4/ 8.4 8.3/ 8.3 8.1| 7.6| 5.1 3.1" 3.5‘ 4.2 5 8.0‘_ 8.6/ 9.1/ 9 2| 9.0 8.8 8.3 7.8| 7.5/ 6.7) 10
11| 4.4 ‘ ”1 6.8 7. ‘ B.8| 8.7‘ 8.7 is.eL bG‘ 8.-1| ik 5,4] 3.4| :Ls' 4.5/ 5. 8‘3‘ 8.9/ 9.4/ 9 ')J 9 -;‘ 9.1' E'GI 8 1‘ T.S‘ 7.0} 11
TABLE IX.—PORT TOWNSHEND—Continued.
"g LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW \\‘.\TF.R.i FROM SMALL LOW WATER TO LARGE HIGH WATER. Z
£ ST 3 TS e — g
; Days from moon’s greatest declination, | Days from moon’s greatest declination. .&:
WO L G W . |
= Before— After— ‘ Before— After— o
W || ‘ | o
= \ \ TBET =0 1 I T
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:_ |_7‘>_4—— ~ ‘ i ) A‘I‘D -J‘ \ ~‘ l --rl ‘d )‘A :
? \ 9 o By Y Y Y. e O i P P _—\_#‘— iy o,
Feet. | Ft.| Ft.| Fe.| Ft.| Ft.| Fv.| Ft.| Ft.| Ft.| Ft.| Ft.| Fe.| Ft.| Ft.| Ft.| Ft.| Fu.| Pt.| Ft.| Ft.| Ft.| Fe.| Ft.| Ft.| Ft. | Ft.| Fr.
0| 6.5]|5.4 4.1 3.0‘ 2.4/ 2.1 ¢ 2.5 3.0| 3.7| 4.4| 5.5 7.5 7.1| 6.4 5.0| 3.8( 2.6 2.0 1.5/ 1.4 1.6| 1.8 2.8/ 3.1/ 3.9| 0
1| 6.5|5.4) 4.1/ 3.0 2.4] 2.1 2 5 3.0 3.7| 4.4] 5.5 7.5] 7.1 6 4‘; 5.0, 3.8 2.6] 2. 0} 1.5 1.4} 1‘6‘ 1.8 As‘ 31/3.9 1
2| 6.45.3 4.0/ 2.9/ 2.3 2.0/ 2.1 2.1/ 2.2/ 2.2/ 2.4/ 2.9) 3.6/ 4.3 5.4| 7.4| 7.0/ 6.3 4.9/ 3.7 2.5 1.9} L.4) 1.3 1.5‘ 1.7 .7/ 3.0/ 3.8/ 2
31 6.15.03.7 2.6 a.n‘ 1.7 1.8 1.8/ 1.9| 1.9) 2.1 g.r,; 3.3 4.0 5.1 7.1/ G.Ti 6.0 4.6| 3.4 2.2 1.53 1.1] 1.0 1.2} 1.4 4l 2.7 :::,; 3
4] 5.5 |4.4/3.1 2.0 1.4 1.11 1.2 1.93 1.3/ 1.3 1.5/ 2.0( 2.7| 3.4 4.5 6.5 6.1) 5.4 4 0 2.8 1.6 1.0, 0 5 0.4( 0.6 0.8 82129 4
5| 5.1 |4.002.7 16/ 1.0/0.7 0 s{ 0.8 0.9/ 0.9 1.1/ 1.6 2.3 3.0 4.1/ 6.1/ 5.7 5.0/ 3.6/ 2.4 1.2 0.6/ 0.1 0 n'l 0.2 0.4 A 1725 5
6| 5.1|4.02.7) 1.6 1.0/ 0.7| 0.8 0.8 0.9 n.o? 1.1 1.6/ 2 ) s.ol 4.1 ﬁ.ﬂ 5.7‘ 5.0‘ 3.6/ 2.4/ 1.2 0 6, 0.1) 0.0} 0.2 0.4 A4l 1.7 2.5 8
7| 5.3 4.2 2.9/ 1.8 1.2 0,9/ 1.0 1.0/ 1.1 1.1 1.3 1.8 2.5 3.9/ 4.3 6.3 5.9/ 5.2 3.8 2.6 1.4“ 0.8 0.3/ 0.2 0.4 0.6/ 619027 7
8| 5.5 ‘ 4.4 3.1‘ 2.0 1.4 1.1‘ 1.2 1.2| 1.3 1.3 1.5 2 nl 2. 3.4‘ 4.5 6.5 6.1‘ 5.4 4.0 9.81 1.6 1.0] 0.5] 0.4] O.Gi 0.81 .8 2.1 -2.9} 8
9| 5.7 |4.6/3.3 2.2 1.6/ 1.3 1.4] 1.4 1 5| 1.5] 1.7] 2.2| 2.9| 3.6| 4.7| 6.7| 6.3 5.6| 4.~3§ 3.0/ 1.8/ 1 2/ 0.7 0.6 0.8 1.0 002331 9
10 | 6.1 5.0/ 3.7 2.(;‘ 2.0} 17| 1,8} 1.8 1.9‘ 1.9" 21| 2. 6 :x.'ai 4.ni 5.1: 7.1‘ 6.7 6.0/ 4.6/ 3.4 2.2 1.6 L1/ 1.0{ 1 9; 14 .4: 2.7 3.5 10
11| 6.4|5.3 4.0‘\ 2.9% ‘2,:!' 2.0 9.1‘ 2.1 22' 9.21 24‘ 2. QJ 3.6l 4.3‘ 5.4; 7 4| 7'°j 6,31 4.9; 3.7i -2,5[‘ I.Sli 1.4} 1.3|i 1.3‘ 1.7“ 1 7} sAol‘ 3.8 11
|

9 9

Example VIL.—Thus, in Example VI, the high water of February Tth was found to be 3.3
feot above mean low water. The declination being south, Diagram I applies, and this high
water is the small one. To obtain the fall of the next low water or small low water, we enter

Table lX for San Francisco, with 0% of moon’s transit, mld two days after the greatest decli-

nation in the first part of the table, and find 1.9 Toot, which'will be the difference in the height
of this high and low water. Entering with the same transit and day in the second part, we
find 3.0 feet, which is the rise of the large high above the small low water; the difference
between 1.9 and 3.0 or 1.1 foot is the difference of height of the two successive high waters.

It is easy to see how, in this way, the soundings of a chart can be reduced to what they
would be approximately at all the successive high and low waters.

TIDES OF THE GULF OF MEXICO.

On the coast of Florida, from Cape Florida around the peninsula to St. Mark’s, the tides
are of the ordinary kind, but with a daily inequality which, small at Cape Florida, goes on
increasing as we proceed westward to Tortugas. From the Tortugas to St. Mark’s the daily
inequality is large and sensibly the same, giving the tides a great resemblance to those of the
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Pacific coast, though the rise and fall is much smaller. Between St. Mark’s and St. George’s
island, Apalachicola entrance, the tides change to the single day class, ebbing and flowing but
once in the twenty-four (lunar) hours.

At St. George’s island there are two tides a day, for three or four days, about the time of
the moon’s declination being zero. At other times there is but one tide a day, with a long
stand at high water of from six to nine hours. From Cape St. Blas to and including the
mouth of the Miss#ssippi, the single day tides are very regular, and the small and irregular
double tides appear only for two or three days, (and frequently even not at all,) about the
time of zero declination of the moon. The stand at high and low water is comparatively
ghort, seldom ¢ xceeding an hour.

To the west of the mouth of the Mississippi the double tides reappear. At Isle Derniére
they are distinct, though a little irregular for three or four days near the time of the moon’s
zoro declination. At all other times the single day type prevails, the double tides modifying
it, however, in the shape of a long stand of from six to ten hours at high water. This stand
is shortest at the time of the moon’s greatest declination, sometimes being reduced to but one
hour. At Calcasieu the tides are distinctly double, but with a large daily inequality. The
rise and fall being small, they would often present to the ordinary observer the same appear-
ance as at Isle Dernidre. At Galveston the double tides are plainly perceptible, though small,
for five or six days at the time of moon’s zero declination. At other times they present the
single day type, with the peculiarity that, after standing at high water for a short time, the
water falls a small distance, and stands again at that.height for several hours, then continues
to fall to low water. Sometimes it falls very slowly for nine or ten hours following high water,
and then acquires a more rapid rate to low water. At Aransas Pass and Brazos Santiago the
single day tides prevail. Small, irregular, doubie tides are only perceived for two or three
days at the moon’s zero declination. At all other times thereis but one high water in the
day, with a long stand of from six to nine hours, during which there are often small, irregular
fluctuations or a very slow fall. In the following table the mean rise and fall of tides at the
above stations are given.

The highest high and the lowest low waters occur when the greatest declination of the moon
happens at full or change; the least tide when the moon’s declination is nothing at the first or
last quarter. The rise and fall being so small, the times and heights are both much influenced
by the winds, and are thus rendered quite irregular.

TABLE X.
Rise and fall at several stations on the Gulf of Mexico.

Mean rise and fall of tides.
Stations.
Mean. At moon’s greatest] At moon’'s least
declination. declination.

Feet. Feet. Feet.
St. George's island, Florida.cc-ceeeemncemcmcmmemmmnaaamneoma- b o3 | 1.8 0.6
Pensacola, Florida . c-caecaecncaccneammcccccenacmcncccacaans 150 1.5 0.4
Fort Morgan, Mobile bay, Alabama ... ccc-eeeommmmmesaemn---- 1.0 1.5 0.4
Cat island, MissisSippi-eccececcaccccemmmaccammacommemaaas-==" 1.3 1.9 0.6
Southwest Pass, Louisiana - - oooccccccccaermamoncomamacacenn-- 11 1.4 0.5
Isle Dernitre, LOUISIANA coo” cocmeocanvemmnmacommmmamacsannn" 1.4 2.2 0.7
Entrance to Lake Calcasien, Louisiana cee o cocceaemmaneemcnnn- 1.9 2.4 L
Galveeton, TOXRE ~ o v easimrogme = mam e e = s e e <= ; s & 1.6 0.8
Aransas Pass, TEXA8 cocecummocar sacmcsracasmacmmcaanemonnuas 8 139 | 1.8 0.6
Brazos Santiago, TeXas .ccaecmmmacmmeccacmmccae e 0.9 1.2 0.5
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TO DETERMINE THE RISE AND FALL OF THE TIDES FOR ANY GIVEN TIME FROM HIGH OR LOW WATER.

It is sometimes desirable to know how far the tide will rise in a given time from low water,
or fall in a given time from high water, or to approximate to the time which has elapsed from
low or high water, by knowing the rise and fall of the tide in the interval. If the proportion
of the rise and fall in a given time were the same in the different ports, this would easily
be shown in a single table, giving the proportional rise and fall, which, by referring to Table
I, showing the rise and fall of the tide at the port, would give the rise and fall in feet and
decimals. The proportion, however, is not the same in different ports, nor in the same ports
for tides of different heights. The following Table XI shows the relation between the heights
above low water for each half hour for New York and Old Point Comfort, and for spring and
neap tides at each place. Units express the total rise of high water above low water, and
the figures opposite to each half hour devote the proportional fall of the tide from high water
onward to low water. For example, at New York, three hours after high water, a spring tide
has fallen six-tenths (sixty hundredths) of the whole fall. Suppose the whole rise and fall of
that day to be 5.4 feet, (Table I;) then, three hours after high water, the tide will have fallen
3.24 feet, or three feet three inches, nearly. Conversely, if we have observed that a spring
tide has fallen three feet three inches, we may know that high water has passed about three
hours.

TABLE XI.

Giving the height of the tide above low water for every half hour before or after high water, the total
range being taken as equal to 1.

New York. l Old Point Comfort.
Time before or
after high water. I
Spring tide. | Neap tide. | Spring tide. | Neap tide.
h. m.
00 1. 00 1. 00 1. 00 1. 00
0 30 0.98 0. 98 0. 98 0.98
10 | 0.94 0.93 0.95 0. 94
130 0. 89 0. 86 0. 83 0. 87
2 0 0.80 0.72 0.80 0.78
2 30 0.72 0.59 0.70 0. 68
30 0. 60 0.45 0.59 0. 57
3 30 0. 49 0.31 0.49 0.44
4 0 0. 39 0.19 0. 37 0. 34
4 30 0. 28 0.10 0. 26 0.22
5 0 0.18 0.02 0.17 0.13
5 30 0.09 0. 00 0. 08 0. 05
6 0 005 & inad e i st 0.03 0.01
6 30 0.00 |cccecminana- i 0.00 0. 00

|
|
|

TIDES IN COASTING.

By observing the time of high water and low water along the coast we find the places at
= o . . Q =4 -4

which they are the same. The map of co-tidal lines (Sketch No. 65, C. S. Rep., 1857) shows

that it is high water nearly at the same hour all along the coast from Sandy Hook to Cape

Cafiaveral; of course not in bays and harbors and up the rivers, but on the outer coast.
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It is high water exactly at the same hour all along the line marked XII, seen on the chart,
near Sandy Hook, and north and south of Hatteras, and, with small interruptions at Cape
Lookout and Cape Fear, all the way to near.Cape Cafiaveral. This same line extends east-
ward to near Block island, and south of Nantucket, and then passes away from our coast. At
full and change of the moon, along this line, (approximately,) it is high water at twelve o’clock,
Greenwich time, the local time of high water depending upon the longitude of the place; or,
to speak more correctly, in the average of a lunar month it is high water so many hours after
the time of the moon’s passing the meridian of Greenwich. By these lines, called co-tidal
lines, we can determine what tidal currents the navigators must expect to meet in coasting;
and for this purpose we divide the ports of the coast into two sets, those south and those north
of New York.

The sailing lines of coasters, bound to southern ports this side of the straits of Florida, are
marked upon the map, and also of those bound through the sounds to eastern ports, and outside
to Halifax and European ports.

VESSELS TO AND FROM PORTS SOUTH OF NEW YORK.

South of Sandy Hook, New Jersey, the line of XII hours is nowhere more than 18 miles
from the coast; that of XI} nowhere more than 35 miles; that of XI} nowhere more than 48;
and XI nowhere more than 110. The distance of these lines of XII to XI hours, (corre-
sponding within four minutes to VII and VI of New York time,) for different parts of the
coast, is shown from Table A, where the first column gives the name of the place, and the
second, third, fourth, fifth, respectively, the distances of the co-tidal lines of XII, X1}, XIZ,
and XI hours. The distances are measured from the perts on perpendiculars to the co-tidal
lines. They may be taken as if measured on the parallel of latitude at all the points for the
line of XII hours, and at all between Sandy Hook and Cape Hatteras for the lines of XI}
and XI} hours.

A.
Distance from coast, measured on perpendicular to co-tidal lines.
Names of locations.
At XII hours. At XT3} hours. At X134 hours. At XTI hours.
Vautical miles. Nautical miles. Nautical miles. Nuutical miles.
Sandy HOOK «cccecmememmmm e ccmmcecce e 12 32 53 100
Barnegat seeeeeeraccaocsmcmcccmccececneananax 2 29 39 78
Cape MaY -ececsececmccsmmemmemccemmeona oo 15 30 46 92
Cape Henlopen. - ccccceecmcecaccccaacccccnnnn- 18 33 47 92
ASSAteagUe cccvceet memnmmmncmamnemenamaan———— 7 22 36 82
Cape Henry.ceeeemcncmacccccmmceamanonceceas 12 28 43 100
Cape Hatteras. . cccaveomomcocecoaccmmmmmonosfoceacmcecnmnnne- 8 20 63
Ooracoke 10leb - coceccos snmmsmasmencss snnasmns|smes seseawemnmas 11 26 71
Cape LOOKOU .o v cocmcncaccoccccrmnmmennemess|smasonammsmsszee 7 18 56
Beaufort entrance, North Caroling - -- cceeenn-- 6 15 24 63
ORPE OB o Coinnsc s ammrmsshasss gnss senamans | nommas e ey —s s 6 16 55
Cape BOMAN e cescccecncaneccemonncacacenans|anacecamcennenan 10 21 67
Ohinelioston M REe o s L L asaemsin 3 15 27 70
Port Boyal entraneeadaiate i ludeidea il 5 17 29 7€
Tybee entrance - aeemeocmmomcee o eeaeeaos 6 17 31 82
St. Mary’s entrance. - ococeececmemacaacaoanan. 12 25 40 110
St. John's entrance - oo e e aaa e 17 35 48  |ecee-emmeena..
Cape Caflaveral. c e cccmmmmmmc e aaas 16  |.ceeeccmacsrscsscfleccncenscnananceslaccsccencccaa.
o L O e Lt EELE L e bl itetietieiehiiut M
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The co-tidal lines are in such directions that at 10, 20, and 30 miles from the coast, between
Sandy Hook and the St. John’s, there is but a variation of seven minutes, and even to Cape
Cafiaveral only of eight minutes.

Keeping ten miles from the shore the coaster would pass from 12 hours at Sandy Hook to
11 hours 45 minutes at Hatteras, and increase again irregularly to 12 hours T minutes at the
St. John’s, as shown more explicitly in table B. These three tracks of 10, 20, and 30 miles
are inside of the cold wall of the Gulf Stream, and generally in the cold current, except at
Cape Caiiaveral.

B.
Co-tidal hour at 10, 20, and 30 nautical miles from the
. coast, perpendicular to the coast
Names of stations.
Ten miles off. | Twenty miles off.| Thirty miles off.
k. m. h. m. h m

Sandy HOOK o cceaccccscanectonnesmmassrapaerc—nr sora seann 12 0 11 52 11 45
Barnegat - ceeeeecces immemmemme mossscmsesemmsees oo 11 52 11 44 11 35
Cape MAY ceoccmommnan-masmoastaemmmmocccccmcreoeeacanaen- . 12 5 11 53 11 45
Cape Henlopen «eeeeceacocsmremommcoemmmmme e e an e b 11 57 11 48
ASSAtEAZUE —cco e mmemmmmmemmeeemmmmmeeesseeeeeeian e 12 0 11 48 11 37
Cape Henry.oeocooooceocememcacmeccmcmmmrccccccacccecenens 12 -5 11 48 11 42
Cape Hatterasacee e ocecma cmcecme e e e 11 45 11 30 11 22
Ocracoke inleta e ce o cmme e e 11 47 11 36 11 25
(0 b s e S e e e e S SRR S D 11 45 11 30 11 20
RO IR, I Y « snvmetbs s & atl o e i s e 11 565 11 38 11 25
CRPEATORYILY o2 € amanta S0 3o BRI o Sl 0 T oINS SR ey, 11 38 11 25 11 18
Oape RO w o cd Tl i S e s s AN RS e 11 45 11 33 11 24
Charleston {Qghbos fs iresane Mathinos sl BRI Ge L N Sudu i, 11 52 11 38 11 25
Port Royal entrantel.cciucesscidic crbn el tovads dhusubanssiue us 11 57 11 45 11 32
Ty bREuO DT ANI00. 2 o i oo e o i s e i e 11 55 11 43 11 30
Bt Ay 6. PDUIRIIOR oo b5 5 rinite w5 o e e o RS S S o 2 A 12 8 11 567 11 47
Bkl bn S OnETAN0R, e b sud e T &« o Sdiblel o B S i & v S TP 12 7 11 57 11 50
Cipe CRUAVErAl .o odivscmanins oo smiei s s weinim o winisimw bos ab oo 12 . 8. | esmnns e s s wdns o b S
CTT T 1 Py y T b P SR S e S Chppmi e e e 13 10 |eccemmmconconanfcanncccaccsanaan

It follows, then, as a general thing, from these two tables that the coaster, in passing from
Sandy Hook to the St. John’s would have the tides the same, within some fifteen minutes, as if
he remained at Sandy Hook; so that leaving, for example, at high water, he would, according
to the elapsed time, have the ebb and flood alternating every six hours and a quarter, nearly,
as if he had remained near Sandy Hook. As the flood tide sets in generally to the north-
ward and on shore, and the ebb to the southward and off shore, he would know by the time
that elapsed from his departure and the period of the tide at which he started what tidal
currents he might expect to meet as he passed along the coast. This, of course, is not peculiar
to Sandy Hook as a point of departure, but would be true for any of the entrances given in the
table, taking care not to mistake the time of tides within for that at the entrance.

By referring to George W. Blunt, esq., I have obtained the tracks of sailing and steam
vessels passing from New York to ports to the south of it, as shown by the lines on the chart
accompanying this paper. (See Sketch No. 65, C. 8. Rep., 1857.) Tracing these on the map
of co-tidal lines, I have determined how the navigator would find the tides as he passes from
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port to port. The results are shown in the annexed table, (C,) in which the port between
which and Sandy Hook the mariner passes is at the head of the table, and, at the side, the
place off which the co-tidal hours will be found, as stated in the table.

C.

Co-tidal hours on sailing lines measured on parallels of latitude of places named in the first column,
between New York and—

Off—
|
Delaware (‘Ches:\pr:ukc Oecracoke | Cape Fear, | Charleston. | Savannah. | St. John’s. Cape
bay. bay. inlet. Florida.

s \ | ‘

. m ‘ h. m h. m. h. m . m
Sandy HOOK. «2eeesveesce seresnss /o S 12 5 1”5 | | ] 12 5 ®» 5
Barnegati.....aues SrssssvesesesvansesEennny 11 57 | 1 S 4 11 57 11 57 11 57
Cape MaY. cosessoccerasnssronass sonsinasenses 12 10 11 5 11 45 11 45 11 45
Cape Henlopen.... «.... e ssoeveenvenses sevnalossvesses 5
ASSAteAZUE .ovvvevavas Pevareseent seseupean T s
Cape Henry, cosccess ssssenscasvocssasonses
Cape HAtteras . covevesssssssacrocscs susenroe
Ocracoke inlet. .oouvevesearvece sosensesnnee
Cape Lookout. ceceesnscccavsones sesemesaoss
Beaufort entrance...c.cesesesssssssscssssocns
Cape Fear,....voes snsssecssonsas soe simmsinene
Cape Roman..... cesessacarcesensanes oovese
Charleston light...cceevervisnnneconns PR
Port Royal entrance...ee: sevsvss dasesstiove .
Tybee entranCe.ceeeess sessscscscsonasensns
St. Mary’s entrance...ees seseses seweasasnuas]s
St. John’s entrance coveeevnes cesemssensacsens
Cape Cafaveral..oee.vssecsossnsvseness sonesfones
Cape Florida, cocvieiiiiranniiiancancnnesnnenafes

Thus, from Sandy Hook to Delaware bay, starting with 12 hours 5 minutes, off Barnegat
there would be, at the same instant, 11 hours 57 minutes, and off Cape May 12 hours 10
minutes, so that the navigator would have the same succession of tides whether he remained at
Sandy Hook or passed onward to Delaware bay, or whether he came from Delaware bay to
Sandy Hook. So from Sandy Hook to Charleston he will find, at the same instant, 12 hours 5
minutes at Sandy Hook, 11 hours 57 minutes off Barnegat, 11 hours 45 minutes off Cape May,
and so onward upon the parallels of latitude for the several points. For all practical purposes,
then, of coasting, the succession of the tides, and, of course, of the tidal currents of Jflood and ebb will
be the same as if the navigator remained stationary. Leaving at low water he will meet the flood
for 6 hours 15 minutes, and then the ebb for another 6 hours 15 minutes, and so on. It is the
simplest of all rules that has thus come out of this investigation. That remarkable change of
the temperature between the waters of the in-shore cold current and the warm waters of the
Gulf Stream occurring in so short a distance that Lieutenant Bache called it the ** cold wall,”’
takes place at distances off the coast of from 170 to 29 miles, (see Table D,) between Sandy
Hook and Cape Cafiaveral, measured, from the several points named in the table, at right
angles to the direction of the course, or measured along the parallels of latitude of the points,
at distances from 195 to 28 miles, between Assateague and Cape Cafiaveral, (Table D.) The
points where the parallels north of Assateague meet this division line have not been accurately
determined.

The annexed table shows these distances measured at right angles and on the parallels.
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D.

Distance from coast to ¢ cold wall’’ of

Measured at

Measured on

Gulf Stream, off— rightangles parallel of
to coast. latitude.
Naut. miles. | Naut. miles.

Bandy SIool% o 255 ci sabdtas sobmenasl 170 Jesecamemnie
BRrnegal i ict emnn e s e cawers 1y (S5t Sery
& U S e SR Rl S B e S et g,
Uape Henlopon - cataek cerranessosinacs I8¢ M svceuddaune
PN g L e e L g S e 95 195
Cape HOnIW < - oo aiian sestem mama 92 107
AR A O o S et e st ] 30 31
b v g ) 7 e ORIl S B B o 53 52
Cape Lookout accccacvamcccccccccanaas 53 65
Beaufort entrance. «ceeeemescacacencan-s 2 —eea
Cape Fear - cccvcecemmmccmcemacccaanes 54 97
Cape ROMAN - ccmmccmcmmna e acccanae 57 103
Charleston lightesccccaacanaaaas RS 61 95
Port Royal entrance «...--ceeceeecana- 79 97
Tybee entrance..oeeeceamcmaascananan-s 79 95
St. Mary'Scccaceccmcecscccccasaannass 90 87
St. JOhN'S accrcacecccacanccccccacanss 85 82
Cape Cafieveralccccccnaonsmsssacansan 29 28
Cape Florida...cx= i e e S S P ] e e & e = Ve e

The coasting line of thirty miles keeps inside of the cold wall all the way to Cafiaveral, and
all the routes traced on the chart from Sandy Hook to southern ports are on the inside of it.
The Gulf Stream lines, as drawn on the chart, show how the route to Bermuda and to the
Bahamas cuts the alternate bands of warm and cold water of the Gulf Stream.

Vessels to and from ports east of New York.

The plate shows the sailing lines of vessels bound from New York to eastern ports and to

Halifax, outside.

The annexed table (E) gives the Greenwich time of high water off the

several points named in the first column on the routes to and from the places named in the

heading of the table.

E.

The distances are measured at right angles to the co-tidal curves.

Co-tidal hours on sailing lines between New York and—

Off—

i Newport. |New Bedford Nantucket. Boston. Portsmouth. | Portland. | Halifax.
|24

k. m. h. m. h. m h. m h. m h. m h m
PRIV (gl & (0T1) SR IR B e Bt bbbt RE L EL L LS EET TP 12 6
Throg’s Point eecavceaeen- 16 16 16 16 16 16 16 16 16 16 16 A8 it oo
Fisher's island .- cccccaaa-- 13 48 13 48 13 48 13 48 13 48 e | Gy el
Block island. - ceeeacaean-- 12 16 12 16 12 16 12 16 12 16 12 16 11 30
MONOMOY - ccvcmmmmmmnemcesfamcamcancacc]occcameaanas| ocmnncennns 16 10 16 10 y [ 7 R ey
0 0 P s et 14 35 14 35 14 35 12 15
Cape ADN cevcercmccmmmmesmmmmmeccmes femmamcamee e e e 15 00 i 40 e
Portland c ccceeccccccacmcs]|cncncsnsanc]|insnnnsnnces]acccccnnnnncfocacccecnnen|cnnccnannnas 15 Sifeiiaana e
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In passing from New York to an eastern port the first great change in the tides and tidal
currents is between the East river and Long Island sound; the difference between Governor’s
island and Negro point, on Ward’s island, at the eastern entrance to Hell Gate, is two hours
and forty-five minutes. Between this point and Throg’s Point the change is small. The
mariner is now in the full tide of the sound, and between Throg’s Point and Fisher’s island
there is a difference of time of but two hours and twenty minutes, the greatest part of which is
at the head of the sound and at its entrance, that is, near Throg’s Point and Fisher’s island.
From off New London to off Sand’s Point the difference is but one hour and forty minutes, so
that if the mariner, instead of remaining at Throg’s Point, passes onward to Fisher’s island he
would lose but half a tide in the whole passage. In other words, he would have the same
succession of rise and fall, according to the time elapsed, whether stationary or passing onward,
within two hours and a half, or less than half a tide.

The tidal current lines show that even a less allowance i3 to be made for the change of
current than for the change of tide; the difference in the change of current between Throg’s
Point and Fisher’s island, along the middle of the sound, being of no practicable importance.
Passing out of Long Island sound the tidal hours grow earlier, until off Block island that of
Sandy Hook is again reached. The co-tidal line of Sandy Hook and Block island being the
same, it is the struggle of the same tide through New York bay and the narrow East river, and
obstructed Hell Gate, and through Fisher’s island and Long Island sound, and to Throg’s
Point. The tidal currents meet near Throg’s Point.

The lower part of Narragansett bay has the co-tidal hour 12 hours, nearly. Buzzard’s bay
has nearly the same co-tidal hour, the tide wave reaching the shore at nearly the same time all
around the bay.

Tt would be impossible to give in a small compass a minute account of the tides of Martha’s
Vineyard and Nantucket sound. In general it may be said that as far as Holmes’s Hole and
Wood’s Hole they resemble those of Block island sound, and afterwards those of Monomoy, at
the eastern entrance; but this generalization is unsatisfactory without more details than there
is space here to give. In these sounds take place the remarkable change of between three
and four hours, the greatest change of our coast, dislocating, as it were, the times of high water
at places south and west and east and north of Nantucket. The whole of this change takes
place between the eastern entrance of Nantucket sound and the western of Martha's Vineyard,
giving rise to quite a complex condition of both tides and currents, which it has occupied much
time to unravel. The dominant co-tidal line of our coast, from Block island to Cape Cafiaveral,
is that of 12 hours of Greenwich time; that of our eastern coast, from Nantucket to Passama-
quoddy, is, in general, 15 hours. Passing out of Nantucket sound coasters carry nearly the
came co-tidal hour to Cape Cod, and thence vary their time about half an hour in passing to
Boston, to Portsmouth, to Portland, or to Passamaquoddy. It has long been known that the
tidal almanac for Boston might practically be used for eastern ports. Vessels from New York
to Halifax, and New York to Europe, which keep outside, and should keep well off the
Nantucket shoals, and off George’s, as shown by the track on the chart, vary their co-tidal hour
but little, keeping between the lines of 12 and 11} until quite well on their course, and beyond
Cape Sable. The same rule will apply to their case as has been given for vessels between
New York and a southern port.




